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Seasonal Variation in the Semen of Bulls 


RALPH W. PHILLIPS, Ph.D.,. BRADFORD KNAPP, Jr., M.S., LOUIS C. HEEMSTRA, D.V.M., 
and ORSON N. EATON, Ph.D. 
Beltsville, Maryland 


VARIOUS WORKERS have shown that the 
scrotum performs a_ thermo-regulatory 
function, maintaining the testes at a tem- 
perature lower than that of the body cavity. 
When the temperature of the testes is in- 
creased through replacement in the ab- 
dominal cavity, through insulation of the 
scrotum, or by direct application of heat, 
degeneration of the germinal epithelium re- 
sults. The earlier work on laboratory ani- 
mals by Moore (1922), Fukui (1923), and 
others was followed by studies with farm 
animals. 

Phillips and McKenzie (1934) demon- 
strated that the tunica dartos muscle of the 
scrotum of rams reacts to temperature 
changes in the manner of a thermostat and 
provides the mechanism for maintenance 
of a fairly constant temperature in the 
scrotum. Andrews (1940) has described a 
similar mechanism in the rat. Phillips and 
McKenzie also showed that insulation of 
the scrotum resulted in degeneration of the 
seminiferous tubules of the testes. This 
degeneration was reflected in a marked in- 
crease in the proportion of abnormal sper- 
matozoa ejaculated, and in practically com- 
plete absence of spermatozoa in the semen 
after three weeks of scrotal insulation. 
They also found that some rams may be 
sterile or very low in fertility as the result 
of excess heat during the summer months, 
and that recovery may be aided by shear- 
ing. 

Following this work, McKenzie and Ber- 
liner (1937), Green (1940), Gunn et al. 
(1942), and Phillips et al. (1943) have 


From the U. S. Department of Agriculture, Bu- 
reau of Animal Industry. 


studied the relation of season to quality of 
semen in rams and have demonstrated that 
the quality of semen tends to decrease dur- 
ing hot summer months. This decline in 
quality appears to be more marked in some 
rams and in some breeds than in others. 


Lagerléf (1934) has produced seminal 
degeneration in bulls as a result of scrotal 
insulation, similar to results reported for 
rams by Phillips and McKenzie (1934); 
his findings indicate that the thermo-regu- 
latory function of the bull is similar to 
that of the ram; and Phillips and Andrews 
(1936) have shown that the tunica dartos 
muscle in the bull responds to temperature 
changes in a manner similar to that in the 
ram. 

Quinlan and Riemerschmid (1941) re- 
port detailed studies of scrotal temperature 
in a Sussex bull, at air temperatures 
ranging from 64.8 to 91.2 F. Average tem- 
peratures in three different areas of the 
scrotum were 92.1, 93.5, and 95.8 F. when 
the animal was in the sun, and 90.2, 92.3, 
and 95.6 F., respectively, when in the shade. 
With an increase of 1 F. in air tempera- 
ture, the scrotal temperature increased by 
0.39, 0.25, and 0.27 F. when the bull was 
in the sun, and by 0.34, 0.36, and 0.23 F. 
when in the shade. 


In the light of the results summarized 
above, it would be desirable to know if the 
semen of bulls tends to degenerate during 
the summer months in a manner similar to 
that found in rams, and, if so, if the de- 
generation is an important cause of low- 
ered fertility. The work reported in this 
paper was carried out to obtain informa- 
tion on these points. 
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MATERIALS AND METHODS 


Three beef-type Shorthorn and 3 Milking 
Shorthorn bulls were studied at intervals of 
two weeks throughout a year, at the Belts- 
ville Research Center, Beltsville, Md. 

Semen samples were obtained in artificial 
vaginas. Observations were made of volume 
and motility immediately after collection. Vol- 
ume was recorded to the nearest 0.1 cc. and 
motility was scored as follows: 


Score for 


motility Description 
1 Most active 
Less active 
3 Quiet progressive motion 
4 Weak progressive motion 
5 Motile but not progressive 
6 Nonmotile 


The concentration of spermatozoa was deter- 
mined by the use of the hemocytometer cus- 
tomarily used for blood cell counts. A smear 
was then made. This was dried, fixed with 
heat (in oven at 100 C. for twenty minutes), 
cleared with 1 per cent chlorozene (Abbott) 
for one hour, washed, dried, stained for twenty 
seconds with Ziehl-Neelson’s carbol fuchsin, 
washed, and dried. These smears were then 
used to determine the proportion of morpho- 
logical spermatozoa, 500 spermatozoa being 
observed at random on each slide. Abnormali- 


of the Shorthorn breed, but 3 are of th 
beef Shorthorn type and 3 of the Milking 
Shorthorn type. The figures given are ay- 
erages for each of the characteristics for 
the entire year. 


It will be noted that the bulls vary ma 
terially in each of the semen characteris- 
tics studied. Data showing an average for 
each criterion of semen quality in each of 
the 4 seasons are presented in table 2. 
These figures are of interest in connection 
with the discussion of the data on different 
sources of variation presented in table 3. 


The data were submitted to an analysis 
of variance and the significance of each 
source of variation is presented in table 3. 
It will be noted that the variation due to 
differences between breeds was significant 
in 2 of the 10 measures of semen quality. 
In general, the semen from the Milking 
Shorthorn bulls was of somewhat better 
quality than that from the beef-type bulls. 
Since the numbers are small and since the 
bulls come from only 1 herd in each breed, 


TABLE |.—Characteristics of Semen Produced by Bulls Used in the Study* 


MILKING SHORTHORN 


—SHORTHORN BULLS— BULLS 

ITEMS STUDIED 149 235 326 C2 C67 D30 
3.08 2.33 1.79 2.17 1.58 2.25 
3077 2088 2112 4580 4642 3479 
8.68 2.98 2.74 4.07 7.02 1.69 
4.61 2.30 2.84 2.53 1.73 1.79 
Abnormal middle pieces (“%)............. 6.81 1.73 4.06 7.35 3.82 2.52 
Total abnormal sperm (%).............. 28.96 9.55 11.44 23.44 17.60 11.58 
survival in storage (hr.). 68.5 79.6 131.9 138.4 161.6 107.1 


*Each item is the average record for a year. 


ties were classified into 4 groups: those of the 
head, neck, middle piece, and tail. 

The semen was stored, after collection, at 
a temperature of 8 to 10 C. in an egg-phos- 
phate buffer solution (Phillips, 1940). The 
samples were cooled slowly at a rate of ap- 
proximately 1 C. per hour. The samples were 
examined once every twenty-four hours for 
motility. The hours of survival were taken as 
the last observation in which any sign of 
motility was observed. 


DATA AND DISCUSSION 
Data for the various semen characteris- 


tics studied in each of the 6 bulls used are 
presented in table 1. All of these bulls are 


this finding should not be interpreted as 
meaning that the Milking Shorthorn bulls 
generally have better quality semen than do 
beef Shorthorn bulls. Variation between 
bulls within breeds was significant or high- 
ly significant in all except 1 of the semen 
characteristics studied. Significant or high- 
ly significant differences were observed be- 
tween seasons in 6 of the criterions studied, 
but variations in motility, volume, total ab- 
normal sperm, and survival in storage were 
not significant. 


Seasonal trends in many of the factors 
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studied could be observed. The volume of 
semen produced was highest in the winter 
and lowest in the summer. Total sperm 
produced was highest in the spring and 
lowest in the fall. Abnormal heads, necks, 
and middle pieces were highest in the sum- 
mer months and lowest in the winter. Ab- 


} | 
MILKING SHORTHORN 
BEEF SHORTHORN 


| ——= AVERAGE OF TWO GROUPS 
Vv Seer weet 


FERTILE MATINGS (PERCENT) 


T 


36 


APR MAY JUNE JULY AUG SEPT OCT NOV. DEC. JAN FEB MAR 
MONTH 


Fig. 1.—Seasonal changes in the percentage of 
fertile mating in beef and milking shorthorn cattle. 


normal tails had the opposite trend, being 
highest in the winter and lowest in the 
summer. No plausible explanation for this 
trend of abnormal tails is evident, but it 
is possible that the cold weather had an 
effect on the tails after the collections were 
made. 

The breed x season interaction was sig- 
nificant in 1 case. This is interpreted to 
mean that the bulls of the 2 breeds were 
responding differently to the effect of sea- 
son in only the storage characteristics. The 
bull within breed x season interaction was 
significant or highly significant in 5 cases 
and is interpreted to mean that the bulls 
were responding differently to the effects 
of season on these characteristics. All of 
these cases were the 5 morphological char- 
acteristics of the semen. 

An attempt was made to evaluate the 
importance of the various sources of varia- 
tion in semen quality using a method de- 
scribed by Lush (1938), and used by Het- 
zer and Phillips (1938), Knapp et al. 
(1939), and Lush and Molln (1942). By 
this method, an estimate is obtained of the 
percentage of variation to each of the vari- 
ous sources, and the data are presented in 
table 4. In general, the remainder (varia- 
tions between samples within bulls and sea- 


son) was the source of the greater varia- 
tion. That is, the semen from a bull from 
successive services varies more than any 
other factor in most cases. In motility 
score, differences between bulls and varia- 
tions between samples account for nearly 
86 per cent of the total variation. In volume 
of semen produced, the greatest variation 
was between breeds and between samples. 
Variations between samples and between 
bulls accounted for most of the variation 
in sperm count, though there was a def- 
inite seasonal trend. In abnormal sperm, 
differences between sires, seasons, and sam- 
ples account for the major portion of the 
variance. There was little seasonal effect 
on the hours of survival in storage. Aside 
from variations between samples, it may be 
said that differences between bulls had the 
greatest effect on semen quality and that 
the main seasonal effect was noticed in 
semen morphology. The bull within breed 
x season interaction had the greatest effect 
also on semen morphology. 


TABLE 2.—Characteristics of Semen Produced by 
Bulls in Different Seasons 


SEASONS' 


ITEMS 
WINTER SPRING SUMMER FALL 


STUDIED 


Motility 

(score) .... 
Volume (cc.).. 
No. per cc. 

(millions) .. 821 
Total sperm 

(millions) 
Abnormal 

heads (%).. 
Abnormal 

necks (%).. 
Abnormal 

middle 

pieces (%).. 
Abnormal 

tails (%)... 
Total abnormal 

sperm (%).. 17.06 16.03 17.64 
Storage (hr.).. 112.8 115.9 126.7 


2.55 


2.64 2.5! 2.45 
4.56 4 


4.51 
888 620 


3686 3991 2706 
3.04 


2.31 


3.56 5.56 


2.31 2.84 


2.09 5.26 2.42 


9.61 4.85 6.83 


‘The actual dates included in the seasons were, 
December 15 to March 14, March 15 to June 14, 
June 15 to September 14 and September 15 to De- 
cember 14, respectively. 


The results presented above are in gen- 
eral agreement with those reported recently 
by Erb, Andrews, and Hilton (1942) with 
dairy bulls. Thus, it appears that the effect 
of season upon the semen quality is similar 
in dairy, beef, and dual-purpose bulls. 
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It is of interest to know whether the 
trend in fertile matings corresponds with 
that for semen quality, as measured by the 
criterions used in this study. Hammond 
(1928) states that cows will breed through- 
out the year, but that the reproductive 
forces are at maximum from May to July. 
Erb, Wilbur, and Hilton (1940) found that 
breeding efficiency in dairy cattle was at a 
maximum during May and June and a 
minimum during July and August. Seath 


TABLE 3.—Significance of Various Sources 


the warm environment results in a decline 
in certain measures of semen quality which 
is reflected in the reproductive efficiency o: 
the herd. 

The results of this study are in clos: 
agreement with the results in dairy cattle 
reported by other investigators. In areas 
where the summer temperatures are hot 
enough to affect the breeding efficiency of 
beef cattle, it would seem to be advisable to 
arrange the management of herds so that 


of Variance in Characteristics of Bull Semen 


SIGNIFICANCE’ 
n 
nn <q & 
a Z < Ba 
0 * 0 * 0 0 0 0 0 0 
Breed x season interaction*............. 0 0 0 0 0 0 0 0 0 ’ 
Bull within breed x season interaction’... . 0 0 0 0 
1* — significant (P <0.05); ** = highly significant (P = <90.01). 
° Tested against variance between bulls within breeds. 
* Tested against remainder (variance between samples within bulls within seasons). 
‘Tested against bull within breed x season interaction. 


and Staples (1941) report that more serv- 
ices are required for conception during the 
summer months than at any other period of 
the year. A similar analysis was made of the 
breeding data in the herds from which the 
bulls used in this study were taken. The 
results are shown graphically in fig. 1. This 
curve is based on a total of 1,135 matings 
of the period from 1935 to 1942. The lowest 
number of matings occurred in January, 
with 58, and the highest in March, with 
117. The high point in the percentage of 
fertile matings occurred in April and the 
lowest point in August. All cows that had 
proved to be shy breeders or had been 
classified as abnormal and unlikely to settle, 
on the basis of careful examination by a 
veterinarian, are eliminated from these 
data. This curve is of interest in connec- 
tion with the findings in the semen studies 
reported above. Since semen quality and 
percentage of fertile matings both declined 
during the summer months, it appears that 


the breeding season falls either before or 
after the hot season. When breeding is 
practiced during the summer months, then 
maintaining the bull in cool quarters might 
be helpful. Further work on methods of 
preventing a drop in fertility during the 
hot season is needed. 


SUMMARY 


Semen from 3 beef Shorthorn and 3 Milk- 
ing Shorthorn bulls was studied at inter- 
vals of two weeks throughout a year. Semen 
samples were obtained in artificial vaginas, 
and observations were made on motility, 
volume, number of sperm per cc., total num- 
ber of sperm, and the proportions of abnor- 
mal heads, necks, middle pieces, tails, and 
total abnormal spermatozoa. 

Differences between the breed groups 
studied were significant in only 2 of the 10 
measures. Variations between bulls were 
significant or highly significant in all but 
1 of the measures studied. 
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TABLE 4.—Importance of Various Sources of Variation in Cheracteristics of Bull Semen 


SOURCE OF 
VARIATION 


DEGREES OF FREEDOM 


| 


MOTILITY 


Between breeds 

Between bulls within breeds... 
Between seasons 

Breed x season interaction.... 
Bull x season interaction 
Remainder 


Significant or highly significant differ- 
ences were observed between seasons in 6 
of the measures. The variation due to sea- 
son was not significant in motility, volume, 
total abnormal sperm, and survival in 
storage. 

Examination of results of 1,135 matings 
during the period from 1935 to 1942 re- 
vealed that the highest percentage of fer- 
tile matings occurred in April (59.6% ) and 
the lowest in August (40.8%). It appears 
that the decrease noted in certain measures 
of semen quality during the summer months 
is reflected in decreased breeding efficiency 
in the herd. 

Further work on methods of maintaining 
fertility in bulls during the summer season 
is needed. 
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Urinary Calculi in Sheep 
W. M. BEESON, Ph.D., J. W. PENCE, M.S., and ©. C. HOLM, M.S., D.V.M. 


Moscow, Idaho 


THE OCCURRENCE of many cases of urinary 
calculi in the University flock in recent 
years has led to the death and injury of 
many valuable breeding and sale rams. A 
review of the literature reveals that the 
underlying cause of the disease has not 
been determined. Since the problem is of 
practical importance to the sheep industry 
and of fundamental value to the science of 
animal production, experiments were con- 
ducted in an attempt to determine the cause 
of urinary calculi. 


REVIEW OF THE LITERATURE 


Although the etiology of urinary calculi has 
been the object of a great deal of study, the 
subject is still remarkably confused. Many 
factors are related to the problem, and con- 
tradictory evidence is not uncommon. Ac- 
cording to the excellent review of Newsom,’ 
hard water, vitamin A deficiency, mineral im- 
balance, infection, hyperparathyroidism, urin- 
ary reaction (pH), and irritation are the most 
important factors so far considered as the 
cause of urinary calculi in sheep. Higgins,” 
McCarrisson,’ Osborne and Mendel,‘ and others 
believe that vitamin A deficiency plays the im- 
portant réle in the cause of urinary calculi. 
The report of the Council on Pharmacy and 
Chemistry to the American Medical Associa- 
tion’ states that deficiency of vitamin A alone 
cannot be accepted without reservation as a 
sufficient condition for the formation of urin- 
ary calculi; whereas deficiency of vitamins A 
and D together can be accepted on the evi- 
dence advanced to that date (1935). Watchorn,° 
Eveleth and Millen,’ and Schneider and Steen- 
bock,” among many others, support mineral 
imblance as the leading factor in the forma- 
tion of calculi. Hager and Magath’® and Chute” 
stress the importance of bacterial infection in 
the formation of urinary calculi. Hyperpara- 
thyroidism has been proposed by several in- 
vestigators as a definite factor to be consid- 
ered. 

Mineral imbalance seems to be the most 


important factor in establishing conditions 
leading to calculi formation; such condi- 
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tions may arise from imbalanced dietary 
mineral intake, abnormal hormonal contro! 
of mineral metabolism, or improper intake 
or utilization of the vitamins that concern 
mineral metabolism. 


EXPERIMENTAL 


Wether lambs, weighing about 70 Ib., 
were used as experimental animals in this 
study. Rations were designed to simulate 
conditions reported as leading to calculus 
production; these rations were then fed to 
the lambs in an effort to produce calculi 
experimentally. Feed and water analysis, 
blood and urine analysis, slaughter tests, 
and histological examination of the kidneys 
were used to gain additional information 
about the formation of calculi. The experi- 
ments were carried out over the winter sea- 
son of two succeeding years. 

For the first feeding series, 24 wether 
lambs were divided into 12 lots and fed in- 
dividually in stanchions on a basal ration 
low in vitamin A; 5 of the lots were given 
supplements so that their rations were high 
in cottonseed and linseed meal, wheat bran, 
calcium, magnesium, or calcium and phos- 
phorus. The remaining lots were given the 
same supplements plus a source of vita- 
min A. 

The basal ration was composed of timothy 
hay of very low vitamin A potency, dried 
molasses beet pulp, and a grain mix of 75 
parts rolled barley, 20 parts rolled oats, 
and 5 parts linseed oil meal. The grain and 
beet pulp were fed ad libitum, and the hay 
was fed at 1.0 to 1.5 lb. per head daily. 
Ten per cent cottonseed meal plus 10 per 
cent linseed oil meal was added to the grain 
mix for the linseed-cottonseed ration; 20 
per cent wheat bran was added for the high 
wheat bran ration; 2 per cent ground oyster 
shell was added for the high calcium ra- 
tion; 1 per cent magnesium carbonate was 
added for the high magnesium ration; and 
3 per cent steamed bone meal was added for 
the high calcium and phosphorus ration. 
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The high vitamin A lots received the same 
supplements plus 1 per cent Caratone,* a 
commercial carotene concentrate containing 
approximately 2,000 U.S.P. units of vita- 
min A per Gm. 

For the second series, 24 wether lambs 
vere divided into 2 lots and fed individually 
as before. The basal ration consisted of 
alfalfa hay and a grain mix composed of 
65 parts rolled barley, 30 parts wheat bran, 
and 5 parts dried beet pulp. Both grain 
and hay were fed ad libitum. The basal ra- 


Fig. |.— Apparatus 
for collecting urine 
from a wether. 


tion of lot 2 was supplemented with 0.25 
per cent sulfur flowers in order to deter- 
mine any effects of rumen synthesis of the 
sulfur-bearing amino acids on the kidneys. 
Some time after the start of the feeding, 
! Gm. of silica, in the form of water glass, 
was added to the drinking water of lot 1; 
even later in the feeding period, 1 per cent 
magnesium carbonate was also added to the 
ration of 4 animals in this lot. 


The lambs had free access to salt, water, 
and sunshine at all times and were weighed 
individually every fourteen days. The grain 
mix for each lot was kept in galvanized cans 
and weighed back every fourteen days; a 


*Manufactured by the Eff Laboratories, Inc., 


Cleveland, Ohio. 


daily record of the feed conswuption was 
kept. Table 1 presents a breakdown of the 
various rations into the percentages of fac- 
tors in the actual dry matter intake. 

In addition to the experimental wethers, 
about 50 head of the University sale rams 
were available for further observation and 
study during each season. 

Blood and urine samples were collected 
from the lambs during the first series and 
analyzed for calcium, phosphorus, and mag- 
nesium. Plasma phosphorus was determined 


by the method of Fiske and Subbarow,'' 
plasma calcium by the method of Clark and 


Collip,'2, and plasma magnesium by the 
method of Denis.'* Urine samples were 
ashed and analyzed by ordinary volumetric 
and gravimetric procedures. Only urine 
samples were obtained during the second 
series; these samples were analyzed for 
silica, iron and aluminum oxides, calcium, 
and magnesium. The pH of fresh urine 
samples was occasionally measured with a 
Hellige glass electrode. 

The urine sample collection apparatus 
was constructed from an adult female 
urinal by attaching the necessary straps as 
illustrated in fig. 1. 

During the second series, slaughter tests 
were conducted at regular intervals upon 
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lambs from each lot. In addition to careful 
macroscopic examination of the urinary 
structures, histological sections of the kid- 
neys were made. Delafields’ hemotoxylin- 
eosin method of staining the paraffin sec- 
tions was used. 


RESULTS AND DISCUSSIONS 


Feeding Results—The lambs were kept 
on the experimental diets for 150 to 160 
days of each season. Only one calculus of 
an unknown type was produced in the en- 
tire experiment; this occurred in one of 
the animals on the high wheat bran-high 
vitamin A ration during the first series. 


culus formation was attributed to the wheat 
bran. During the second series, when the 
timothy hay was replaced with alfalfa hay 
and the wheat bran raised from about 11 
per cent to about 18 per cent of the dry 
matter intake, no calculi were produced. 
The radical difference in the mineral in- 
take arising from the alfalfa hay may ac- 
count for the difference in results on these 
two rations. 

The one case of calculi may not be sig- 
nificant by itself, but it is in agreement 
with Pontius, Carr, and Doyle,'* who noted 
an increase in the tendency for formation 
of insoluble compounds in the urine of ani- 


TABLE |.—Composition of the Rations with the Constituents Expressed as Percentages of Actual Dry Matter 


Consumption or as a Ratio 


PHOs- MaAG- WHEAT 
CALCIUM PHORUS NESIUM BRAN Ca/P MG/Ca 
RATION % % %o % RATIO RATIO 
FIRST SERIES 
Cottonseed and linseed........ 0.140 0.257 0.316 “pee 1: 1.84 1 : 0.44 
DIET. 0.129 0.230 0.283 10.83 1 : 0.46 
0.568 0.213 0.286 1 : 0.38 1 : 1.98 
High magnesium ............. 0.136 0.216 0.409 1 : 1.59 1 : 0.33 
High calcium and phosphorus.. 0.646 0.428 0.293 1 : 0.65 13320 
SECOND SERIES* 
0.583 0.463 0.216 17.45 1 : 0.79 1: 2.70 
High magnesium ...........+- 0.583 0.463 0.417 17.45 1 : 0.79 1: 1.40 
*The silica intake for this series ranged from 8 to 9.5 Gm. daily. 


Four calculi cases occurred in the Univer- 
sity flock during the experiment; this is 
the lowest incidence of the past several 
years. Calculi recovered from these cases 
were of an unusual siliceous type. 

Effects of Low Vitamin A.—All calculi 
cases observed in this study occurred in 
animals receiving ample vitamin A; 1 ani- 
mal dying from an attack was found to 
have an hepatic storage of over 200 rat 
units of vitamin A per Gm. of tissue. None 
of the animals on the low vitamin A ra- 
tions showed any evidence of calculi. 


Thus, vitamin A deficiency was elim- 
inated from being the cause of urinary cal- 
culi under conditions observed in this study. 


Effect of High Wheat Bran.—One case 
of urinary calculi occurred in the 4 wethers 
on the high wheat bran ration of the first 
series. Since the basal ration introduced 
the same amount of minerals into the diet 
as did the high wheat bran ration, the cal- 


mals when large amounts of wheat bran 
were introduced into the diet. 

Effect of Mineral Imbalance.—Mineral 
imbalances obtained in this study were not 
as severe as those reported in the literature 
as necessary for calculi production (see 
table 1), but they are more severe than 
those met in ordinary lamb feeding. The 
necessity of providing a vitamin A deficient 
ration and the unpalatability of the rations 
when large amounts of mineral supplements 
were included, were the limiting factors in 
establishing the mineral imbalance. 

During the first series, all lambs on the 
basal and linseed-cottonseed rations ex- 
hibited the rachitic symptoms of calcium 
deficiency, which promptly disappeared upon 
the addition of 1 per cent oyster shell to 
the diet. 

Since no calculi were produced under 
these mineral imbalances, it may be con 
cluded from this experiment that the min 
eral imbalances encountered in ordinary 
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amb feeding will not lead to calculus pro- 
duction. 

Effect of Other Factors.—Neither high 
-ottonseed-linseed meal, added silica, nor 
‘emental sulfur gave any indications of a 
tendency toward urinary calculi production. 


ANALYTICAL RESULTS 


The few significant changes of blood 
plasma calcium, phosphorus, and magne- 
sium could be correlated with the dietary 
levels of such elements but not with the 
urinary excretions of such elements. The 


—the siliceous calculi observed in this study 


directed particular attention to the urinary 
silica and magnesium during the second 
series. While urine analysis of the two 
series was quite similar, little valid correla- 
tion between the dietary mineral levels and 
the urinary mineral levels was noted. This 
may be explained by lack of uniform ab- 
sorption, intestinal excretion, and _ indi- 
vidual variations in the metabolism of the 
minerals. 

It was found that the total daily silica 


TABLE 2.—Representative Urine Values Selected from the Experimental Wethers of the Second Feeding Series.* 


——SILICA—— 
GM. PER TOTAL 
100 cc. 


24-HOUR 
VOLUME 
cc. 


DATE Lot 


GM. PER TOTAL 
100 cc. GM. 


IRON AND 


ALUMINUM 


—CALCIUM—— —MAGNESIUM—- 
GM. PER TOTAL GM. PER TOTAL 
100 cc. GM. 100 cc. GM. 


OXIDES 


0.0253 0.1569 
0.0282 0.1607 


620 
570 


1/1/42 
1/4/42 


0.0048 
0.0070 


0.0045 0.0279 0.0724 0.4489 
0.0008 0.0046 


0.0298 
0.0399 


12/22/41 
1/1/42 


0.0632 0.2275 


610 0.0384 0.2381 


0.0152 
0.0069 


0.2765 
0.7217 


0.0547 


0.0428 0.0004 0.0025 


0.0294 0.2058 
0.0251 0.2159 


700 
860 


12/22/41 


1 
1 
1 360 
1 
1 
1/1/42 1 


0.0073 
0.0036 


0.4877 
0.6854 


0.0697 
0.0797 


0.0511 
0.0310 


0.0031 0.0217 
0.0025 0.0215 


340 
690 


0.0281 0.0955 
0.0133 0.0918 


11/20/41 2 
4/19/42 


0.0028 0.0095 


0.1736 
0.4623 


0.0511 
0.0670 


0.0021 0.0073 


0.0303 0.1545 
0.0209 0.1568 


2 
9 12/4/41 2 6510 
9 4/30/42 2 750 


0.0608 
0.0785 


590 
900 


0.0422 0.2490 
0.0260 0.2340 


3/16/42 2 
3/19/42 2 


0.1627 0.9599 
0.1052 0.9477 


about 3 Gm. of silica from the drinking water; for lot 2 it was 1.05 lb. alfalfa hay, 1.58 lb. basa! grain 


mix, and 1.79 Gm. sulfur. 


plasma values of the lambs generally were 
within the normal ranges, and the plasma 
values of all the calculi cases were within 
the normal ranges. Consequently, routine 
blood analysis is believed to be of small aid 
in the study of urinary calculi. 

Since calculi are generally formed out- 
side the body (that is, in the collecting 
tubules or pelvis of the kidneys or in the 
bladder) it is felt that urine analysis is an 
important tool in the study of urinary cal- 
culi. Of the urinary elements studied, silica 
and magnesium were of considerable mag- 
nitude, while calcium, phosphorus, iron, and 
aluminum were of such small magnitude 
that they were believed to be of little im- 
portance. Representative urine values are 
given in tables 2 and 3. The occurrence of 


excretions of individual animals attained a 
roughly constant value, but that the concen- 
trations of silica in the urines of the same 
animal varied considerably, depending upon 
the urine volume. Magnesium excretions 
were subject to considerable variation even 
though the animals were on a constant diet 
in the second series. The variation in the 
total silica and magnesium excretions 
among animals on the same diet, in some 
instances, was pronounced. The considera- 
tion of such variations is of great impor- 
tance to the etiology of urinary calculi— 
especially during the winter months when 
decreased urine volumes give rise to more 
concentrated urines. The answer as to why 
only a relatively few animals out of a large 
flock exposed to the same conditions become 


— 

E 

10 

ou 0.0008 0.0029 0.0768 
11 0.1164 

12 

1 0.0142 0.0724 0.0037 0.0189 0.3101 
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afflicted with calculi may well lie in the 
results of such variations. 


HISTOLOGICAL RESULTS 


The only possible evidence of calculi 
formation in the stained kidney sections 
was the occurrence of certain darkly stain- 
ing bodies in the collecting tubules. These 
bodies appeared to be some sort of a colloid 
which was acid in nature, and could have 
been small flocculi of silicic acid. The bodies 


were optically isotropic and gave no evi- 
dence of structure whatsoever. A _ photo- 
micrograph of a typical slide is shown in 
fig. 2. Very little damage to kidney struc: 
tures was noted, and no correlation of the 
occurrence of the darkly staining bodies 
with other experimental results could be 
found. 


CHACTERIZATION OF THE CALCULI 


The calculi observed in this study are 
more strictly termed renal calculi, for they 
are formed in the collecting tubules of the 
kidneys, and are often found in large num- 
bers in this area of the kidney. The larger 
stones may often be carried in the pelvis of 
the kidney and, until stoppage of the urine 
flow occurs, no external evidence of their 
presence is noted. 


All the stones recovered from afflicted 
animals of the University flock were simila) 
in composition and structure. Table 4 shows 
the chemical analysis of several typical! 
stones. At least 94 per cent of the ash of 
the stones was silica. Part of the trace ele- 
ments found in the analysis may be at- 
tributed to the dried blood which invariably 
coated the stones; occlusions occurring in 
the formation of the stone may also account 
for part of the minor constituents. 


Fig. 2.—Photomicro- 
graph showing sev- 
eral opaque bodies. 
Some bodies show 
fracture from sec- 
tioning. Others seem 
to be made up of 
several small oval 


bodies. 


Polarigraphic microscopic examination* 
snowed the calculi to be optically isotropic 
with an index of refraction of 1.455; no 
evidence of crystalline composition indi- 
cates that the stones are very similar to 
forms of common opal known as Geyserite 
or “siliceous sinter’? which occur as amor- 
phous, sedimentary deposits around the 
rims of geysers and hot mineral springs. 

Siliceous calculi appear to be a rarity, 
for reference to silica in calculi are limited 
to those in which it is mentioned as a trace 
constituent. The characteristics of the 
siliceous calculi are so markedly different 
from the usual types that attention would 
surely be drawn to them if they occurred 
commonly. 


*Kindly furnished by V. E. Scheid of the Univer- 
sity of Idaho School of Mines. 
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DISCUSSION OF RESULTS 


While the negative results obtained in 
‘his study are not wholly in agreement with 
the results of other investigators, they do 
have a significance. Since the average lamb 


According to modern treatment of indus- 
trial boiler feed waters for silica removal, 
as outlined by Betz, Noll, and McGuire,'® 
magnesium compounds are particularly ef- 
fective in reducing the amount of silica car- 


TABLE 3.—Representative Urine Analysis Values from an Experimental Wether of Lot | of the Second Feeding 
Series.* 


IRON AND 
ALUMINUM 


24-HOUR ——SILICA—— 
VOLUME GM. PER TOTAL 
No. DATE CC. 100 cc. GM. 


GM. PER TOTAL 
100 cc. GM. 


—~CALCIUM—— -—-MAGNESIUM— 
3M. PER TOTAL GM. PER TOTAL 
100 cc. GM. 100 cc. GM. 


OXIDES 


10 12/14/41 500 0.0277 0.1385 
10 12/22/41 500 0.0495 0.2475 
10 1/1/42 620 0.0253 0.1569 
10 1/4/42 570 0.0282 0.1607 
10 2/4/42 630 0.0298 0.1877 

750 0.0227 0.1703 


10 2/9/42 
10 3/5/42 920 0.0144 0.1325 


0.0005 0.0025 0.0622 0.3110 
0.0012 0.0060 0.1624 0.8120 
0.0045 0.0279 0.0724 0.4489 

0.3631 


0.0008 0.0046 0.0637 


0.0625 


0.0426 0.3919 


*The average daily feed consumption of this animal was 1.14 Ib. 


and about 3 Gm, silica from his drinking water. 


feeder does not use such unbalanced diets 
and seldom keeps lambs on feed in excess 
of 90 to 100 days, it may be assumed that 
operation within limits set by this experi- 
ment will not lead to calculus production. 

An interesting observation in this study 
was the finding that unadulterated urine 
samples upon standing in the laboratory 
would often deposit crystals of magnesium 
ammonium phosphate on the walls of the 
container as enzymatic hydrolysis of urea 
progressed. The amount of ammonia pres- 
ent had more effect on this deposition than 
the pH of the urine. The position of urea- 
splitting bacterial infections in the etiology 
of urinary calculi is strengthed by this 
finding. 

The occurrence of siliceous calculi among 
animals of the University flock elicits a 
good deal of speculation. Since these ani- 
mals were on balanced diets and since the 
feeding experiments did not give rise to 
siliceous calculi, it is assumed that the 
cause of the siliceous calculi must be found 
elsewhere. Silica is an ever-present con- 
stituent of the diet of herbivora, and the 
amount in the diet is generally consider- 
able; consequently, a good deal of silica is 
found in the urine of these animals. It is 
curious that silica stones should form in an 
alkaline urine when silica is generally solu- 
ble in alkaline solutions. 


alfalfa hay, 1.59 lb. basal grain mix, 


ried in solution. The silica removal is 
brought about by absorptive or coagulative 
mechanisms that are most effective at an 
alkaline pH. If magnesium compounds so 
greatly affect the silica in waters, it seems 
permissible to assume a similar effect of 
urinary magnesium upon urinary silica. The 
insignificant amounts of magnesium found 
in the calculi need not necessarily obviate 
entirely the solubility depressing effect upon 
silica. 

Statements about these urinary sub- 
stances are largely speculative at this time, 


TABLE 4.—Chemical Composition of the Urinary 
Calculi 


PHOSPHORUS 


Loss ON 
IGNITION 
| MAGNESIUM 


| 


> | 


os} 


70.20 0.93 
71.40 
75.40 


78.40 


1.00 


0.70 
1.13 


1.42 


because little experimental evidence can be 
given concerning their behavior. However, 
the data at hand permit the postulate that 
at times the solubility limits of the silica 
in the urine become exceeded due to hyper- 
excretion and small urine volumes so that 


|| 
0.0125 
0.0042 0.0210 
0.0048 0.0298 
0.0070 0.0399 
1 17.95 
2 16.10 
3 19.01 « 
4 17.05 
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silica is deposited as calculi in the kidney 
structure. The amount of magnesium prob- 
ably exerts a strong influence in the deter- 
mination of the silica solubility limits. 


SUM MARY 


Experimental diets high in linseed and 
cottonseed meal, calcium, magnesium, or 
calcium and phosphorus fed to wether 
lambs, with and without an adequate source 
of vitamin A, did not lead to the formation 
of urinary calculi within 150 to 160 days. 
Elemental sulfur or added silica did not 
lead to any observable effects whatever. 

Vitamin A deficiency was eliminated from 
having any effect on the formation of urin- 
ary calculi under conditions observed in this 
study. Under certain conditions, wheat bran 
was found to lead to the formation of urin- 
ary calculi. 

Individual variation in the absorption and 
excretion of dietary mineral elements was 
found to be worthy of important considera- 
tion in the etiology of urinary calculi for- 
mation. 


The occurrence of an apparently rare 
siliceous type of calculi observed in this 
study was attributed to a hyperexcretory 
state in which urinary magnesium plays an 
important role in establishing the urinary 
silica solubility limitations. 
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lsolations of Bacillus Subtilis from Actinobacillosis-Like 


Lesions in Cattle and Sheep 
L. B. SCHWEIGER, M.S., DAVID TRAINER, and D. F. EVELETH, D.V.M., Ph.D. 


Fayetteville, Arkansas 


THROUGHOUT the Ozark area of Arkansas 
and the surrounding states many cattle and 
sheep are often found to be in a very poor 
physical condition. They show emaciation, 
rough hair coat, high incidence of pink eye, 
foot rot, lumpy jaw, and, in many cases, 
diarrhea. These conditions are variously 
ascribed to malnutrition, Johne’s disease, 
necrobacillosis, actinobacillosis, and para- 
sitism. The problem of malnutrition is im- 
portant, for many of these animals are both 
quantitatively and qualitatively underfed. 
Calcium, phosphorus, vitamin, and protein 
deficiencies are very common. Parturient 
paresis and acetonemia in milk cows are 
frequently encountered. In some cases, de- 
ficiency of the trace elements has been sus- 
pected, but in nonparasitized animals, evi- 
dence of anemia has never been observed. 
Supplemental feeding of more complete 
mineral mixtures did not improve the 
health of the animals in those herds where 
an effort had been made to balance the 
ration. 

During the past three years, preliminary 
surveys have shown that Johne’s disease in 
sheep and cattle is widespread in this area. 
Necrobacillosis is common as a secondary 
condition but does not appear to be a pri- 
mary factor in most instances. Actino- 
bacillosis has been encountered, but its dis- 
tribution and the extent of disease it pro- 
duces does not appear to be great. Many 
of the cattle and sheep are heavily para- 
sitized. Lung worms and gastrointestinal 


Research paper No. 766, journal series, Univer- 
of Arkansas. Published with the approval of the 
director of the Arkansas Agricultural Experiment 
Station. 

From the Department of Bacteriology and Veter- 
inary Science, College of Agriculture, University of 
Arkansas. 

A preliminary description of this organism was 
given at the Missouri Valley Branch of the Society 
of American Bacteriologists, May 2, 1941. Some of 
the data included in this report were taken from 
a thesis submitted by David Trainer to the Gradu- 
ate School of the University of Arkansas in partial 
fulfillment for the degree of Master of Science. 
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worms definitely cause trouble by their di- 
rect actions as parasites and as possible 
contributing agents in other diseases. At 
times, many of these factors can be definite- 
ly ruled out, but the animals exhibit the 
disease symptoms enumerated above. In 
some herds, small abscesses are very com- 
mon; these are frequently found on the 
jaws and are clinically diagnosed as actino- 
bacillosis. Other herds have a low inci- 
dence of visible abscesses, but the animals 
show many of the general symptoms of 
emaciation and general unthriftiness. 

In 1939, investigations were undertaken 
to determine some of the factors causing 
the huge economic losses to the stockmen in 
the area. The general plan was to use clin- 
ical material found on the various farms 
and to ascertain, whenever possible, the 
most likely cause of the disease. Three 
main phases of investigational procedure 
were instituted. These included the study 
of: (1) actinobacillosis-like conditions, (2) 
Johne’s disease, and (3) internal parasites. 
In an earlier publication,’ a discussion of 
parasitism and Johne’s disease in sheep 
was made. That report stressed the simi- 
larity between the symptoms of Johne’s 
disease and those of intestinal parasitism. 

This report summarizes the results of in- 
vestigations on the _ identification and 
pathogenicity of an aérobic, spore-forming 
organism encountered in the routine ex- 
amination and treatment of naturally in- 
fected animals. 


PROCEDURE 


Material for this study was obtained during 
postmortem and antemortem examination of 
cattle and sheep. Cultures were taken from 
the pus in lesions actinobacillosis-like in na- 
ture and from internal organs that at times 
appeared to be grossly normal. Aseptic pre- 
cautions were taken throughout the study. 

The technique involved in the isolation and 
study of the morphological, cultural, and 
physiological characteristics followed that of 
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pure culture study.” When granules were found 
in lesions containing pus, they were examined 
for the presence of the typical rosette forma- 
tions that are commonly associated with ac- 
tinobacillotic infections. 

Standard nutrient broth and agar were used 
as the culture mediums throughout the study. 
In the primary isolations, a cooked brain me- 
dium, with a thin layer of vaspar on the sur- 
face, was used for the possible isolations of 
anaérobic or microaérophilic organisms.’ Blood 


Am. J. VET. Re 


rabbits, rats, guinea pigs, chickens, pigeon: 
sheep, and calves were inoculated with stand 
ard homogenous suspensions of the organisms 
Intraperitoneal, intravenous, intramuscular, 
and subcutaneous injections were made. 

High titered antiserums were produced by 
injecting rabbits intravenously with young, 
living, saline suspensions of vegetative cells 
of Bacillus subtilis (A.T.C.C. 6051), B. subtilis 
(A.T.C.C. 6598), B. subtilis (Perdue), Bacillus 
megatherium (Perdue), Bacillus mycoides 


Fig. 1.—Maxillary lesion, Jersey heifer. Culture 5 isolated. 
Fig. 2.—Mandibular lesion (underside of skin), Jersey heifer. Culture 4 isolated. 
Fig. 3.—A 48-hour colony growth on a nutrient agar plate. Culture freshly isolated from animal tissue. 


Fig. 4.—A 48-hour colony growth on a nutrient agar plate. Culture repeatedly transferred on nutrient 
agar. 


broth and agar, glycerol broth and agar, and 
eosin-methylene blue agar were other me- 
diums used for the possible isolation of or- 
ganisms that would not have developed on 
standard nutrient agar. All mediums were 
adjusted to pH 7.2 and sterilized at 15 Ibs. 
pressure for twenty minutes. 

Morphological, cultural, and pathogenicity 
studies were made on cultures freshly isolated 
from infected tissue and cultures that had re- 
ceived repeated transfers on artificial mediums 
over a period of six to ten months. No at- 
tempt was made to classify the organisms 
falling in the Corynebacterium, Streptococcus, 
and Staphylococcus groups, although these 
were encountered in some abscesses. 

Pathogenicity studies were conducted on 
both laboratory and domestic animals. Healthy 


(Perdue), and Bacillus vulgatus (A.T.C.C. 
4529), as well as with 8 strains of the spore- 
forming rod isolated. 
GENERAL DESCRIPTION OF ORGANISM 
Morphology 


Rods.—0.6 to 0.8x1.3 to 2.3 microns, 
round ends, single, in pairs and chains. 
Capsulated when freshly isolated from the 
infected tissue. 

Spores.—Centrally located spores, ovoid 
to elongate, 0.6 to 0.8x 0.6 to 1.3 microns. 
Germination equatorial, rarely polar. 

Sporangia.—Ovate to cylindrical, single, 
rarely in chains. 
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Motility.—Active, peritrichous flagella. 
Staining.—Gram-positive. Nonacid-fast. 


Cultural Characteristics 


Agar Plate Colonies.—Cultures freshly 
isolated from infected tissue: Rhizoid, to 
irregular, raised, grayish to yellowish-tan 
colonies with dewdrop-like formations, dis- 
appearing after forty-eight hours, at the 
edge. Growth adherent to the medium. Size 
1.0 to 1.5 cm. in diameter. 

Cultures repeatedly transferred on nu- 
trient agar: Irregular to amoeboid, granu- 


CULTURE 
No. 


1 Holstein cow 


SPECIMEN 


Liver abscess 


SOURCE OF ISOLATION 


crose, maltose, trehalose, mannose, salicin, 
and dextrin. Slight acid from lactose and 
arabinose. Starch hydrolyzed. Acetyl methy!] 
carbinol negative. 

Litmus milk.—Decolorized, 
and digested. 

Nitrogenous Compounds.—Nitrates re- 
duced to nitrites to ammonia. Slight hydro- 
gen sulfide produced in lead acetate agar. 
Indol not produced. 


coagulated, 


Growth Requirements 


Temperature.—Minimum 20 C. Maximum 


_TABLE |.—Summary of lsolations 


REM ARKS 


Abundance o of yellow pus. 
present in pure culture. 


Organism 


Jersey heifer 


Hereford heifer 


; Jersey heifer 
Alma 


Jersey heifer 


ersey cow 


Liver abscess 


Calcified lung les lesion and 
mesenteric ly mph node 


lar, raised, grayish to tan colonies, with no 
dewdrop-like formations at edge. Adherent 
to the medium. 

Agar Slant.—Growth rapid, echinulate 
to spreading, grayish-white, adherent to 
the medium. Freshly isolated, young cul- 
tures contained viscid, dewdrop-like forma- 
tions. 

Gelatin Stab.—Stratiform liquefaction 
produced in three days at room tempera- 
ture. Grayish-white surface growth. 

Potato Slant.—Rugose, filiform growth at 
twenty-four hours, tending to spread in 
older cultures. Cream to honey brown. 
Viscid in freshly isolated cultures. 

Nutrient Broth.—Nodular, glassy surface 
pellicle. No clouding or sediment. 


Biochemical Characteristics 
Carbohydrates,—Acid from glucose, su- 


Mandibular abscess 
Mandibular abscess 
Mandibular abscess 
Mandibular abscess 


Mandibular abscess 


Yellow pus. Organism present | in pure 
culture. 


Pus. 
ture. 


Organism present in pure cul- 


No pus. Organism present in pure 
culture. 


Small amount of pus. 
_ent in pure culture. 


Organism pres- 


~ Small amount of flaky pus. Organism 
present in pure culture. 


Cheesy, creamy pus. Organism pres- 
ent in pure culture. 


“No pus. Organism present in mixed 


culture. 


50 C. Optimum 37 to 40 C. Growth slow at 
room temperature. Spores killed with moist 
heat at 98 C. for twenty minutes. 

Reaction.—Optimum pH 7.0 to 7.4. 

Oxygen Requirement.—Aérobic, faculta- 
tive. 

Pathogenicity 

Pathogenic for guinea pigs, rabbits, rats, 
calves, and sheep. No effect on pigeons or 
chicks. Virulence progressively diminished 
by repeated transfer on nutrient agar over 
a period of six to ten months. 

DISCUSSION 

In considering the classification of the 
organism under study, it was found that 
close agreement existed between its de- 
scriptive characteristics and those listed in 
Bergey’s Manual of Determinative Bac- 
teriology for B. subtilis, Cohn.‘ 
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The finding of B. subtilis in lesions of the 
type enumerated in table 1 is not in agree- 
ment with the generally accepted views of 
the nonpathogenic properties of this or- 
ganism. A more complete description of 
these lesions may aid in the further study 
of the bacillus. 


The liver abscess from which culture 1 
was obtained was extremely large, and its 
rupture probably caused the death of the 
cow. This type of abscess has been encoun- 
tered in several other animals from which 
cultures were not taken. The abscesses have 
extremely heavy connective tissue capsules 
with fistulous tracts extending deep into 
the liver tissue and into the surrounding 
organs. The evidence in such cases sug- 
gests that foreign bodies puncturing the 
reticulum and extending into the liver serve 
as the means of entrance for the spore- 
former. 

The lumpy-jaw type of abscess appears 
to be more of a definite clinical entity. 
These abscesses have been found in cattle 
of all ages from 3 weeks old up to aged 
cows. The abscesses are first observed as 
small swellings which are hard and firmly 
adherent to the bone. If left untreated, 
these abscesses rupture and discharge a 
thick pus. Spontaneous healing usually fol- 
lows. These abscesses are not as large and 
diffuse as are those produced by the usual 
lumpy-jaw producing organisms such as 
Corynebacterium, Actinobacillus, and Ac- 
tinomyces. 

The lung from which culture 8 was iso- 
lated was typical of the calcified pneumonic 
areas frequently found in old sheep. In 
these cases, the lymph nodes are usually in- 
volved as well as the lungs. The lymph 
nodes are enlarged and contain single or 
multiple abscesses. These abscesses may be 
full of creamy pus, either yellow or green 
in color, or in the later stages partially or 
completely calcified. 


Although the bacillus in this study re- 
sembles, in many respects, the characters 
of Bacillus cereus, Bacillus anthracis, B. 
vulgatus, B. mycoides, and B. megatherium, 
it can be distinguished from them morpho- 
logically, culturally, and physiologically. 
The organism isolated differs from B 
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cereus in that it has smaller vegetative 
cells, has spores, hydrolyzes starch, and 
grows within a higher temperature range. 
Due to its motility and lower pathogenicity, 
it is readily distinguished from B. anthra- 
cis. B. mycoides produces large rhizoid col- 
onies, absorescent growth in gelatin stab, 
and has larger vegetative cells and spores. 
The large cells of B. megatherium, along 
with its failure to produce nitrites from 
nitrates, are sufficient differential charac- 
teristics. B. vulgatus has larger vegetative 
cells and grows within a lower temperature 
range. Upon first culturing on artificial 
mediums, the spore-former produced a 
colony with more of a rhizoid type of 
growth than old cultures of B. subtilis, but 
later, agar-plate cultures of both organisms 
showed colonies very similar in form and 
size. Also upon first isolation, capsule ma- 
terial was shown to surround the organism. 
No capsule was demonstrated with known 
strains of B. subtilis. The capsule-produc- 
ing ability was lost after two or three 
transfers on nutrient agar slants. 
Although agglutination tests, carried out 
with vegetative cell antiserums, indicated 
that the spore-former isolated and B. sub- 
tilis had a common antigenic structure, 
strong cross-agglutination was observed 
with other aérobic bacilli. Due to the fact 
that all the spore-formers used in this study 
showed similar antigenic structure, sero- 
logical tests have not been used as cri- 
terions in identifying the organism. La- 
manna’ has reported a method whereby the 
spores of various spore-formers show sero- 
logical differentiation. Two of the 8 strains 
mentioned in this study were sent to La- 
manna who, on the basis of methods given 
in his publications,®:* concluded that the 2 
strains were B. subtilis. 
Considerable variation was noted 
throughout the study of the cultural and 
physiological characteristics of the bacillus. 
The descriptive data given express the cul- 
tural appearance and physiological reac- 
tions as they occurred most often. Form 
and consistency of colonies, loss or gain of 
pigment, ability to ferment various carbo- 
hydrates, and loss of virulence were charac- 
teristics that were extremely variable. A 
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survey of all the properties observed at any 
time led to a generalization in describing 
the organism. 


PATHOGENICITY 


B. subtilis is generally thought to be 
strictly a saprophyte, whereas the bacillus 
in question showed pathogenic properties. 
Pathogenicity studies revealed that upon 
first isolation from the original source and 
injection into guinea pigs, rabbits, rats, 


Figures 7 and 8 were photographed by W. H. 
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all internal organs, local lesions, and lymph 
nodes of the experimental animals, but it 
never was isolated from the blood stream. 
In the experimental animals, less so than 
in the originally infected animal, the lymph 
nodes and channels in the region of injec- 
tion were indurated. In the guinea pig and 
rat, localized intermittent swellings were 
observed at the site of injection and gross 
lesions of tissue necrosis were found inter- 
nally. The rabbit showed no outward signs 


Tharp. 


Fig. 5.—Spore germination. x720, approximate. 
Fig. 6.—Stained smear from a 48-hour subculture on agar slant. x720, approximate. 
Fig. 7.—Capsule stain. A 24-hour culture freshly isolated from guinea pig. «2800. 
Fig. 8.—Spore stain. Smear from a 144-hour subculture on agar slant. «2800. 


calves, and sheep, the bacillus produced 
some deaths, lesions, emaciation, and an- 
orexia. However, with cultures repeatedly 
transferred to nutrient agar, virulence was 
progressively diminished. Cultures carried 
on agar over a period of six to ten months 
produced no visible lesions, but the or- 
ganism was reisolated from apparently nor- 
mal tissue as long as six months after 
inoculation. The bacillus was isolated from 
of infection; however, internal lesions were 


found from which the organism was reiso- 
lated. Within a week following inoculation, 
calves given subcutaneous injections showed 
diarrhea, copious lacrymation, and nasal 
discharge. A period of depression followed 
by slight recovery and then a relapse was 
observed. The animals either recovered or 
were in such a moribund state that they 
had to be killed. A sheep was inoculated 
with cultures that had received many trans- 
fers on nutrient agar, and the bacillus was 
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recovered from apparently normal] tissue 
five months after the inoculation. 

The fact that pathogenic strains of B. 
subtilis do exist is shown by publications 
of Sweany and Pinner,’ Bais,*® and Gilbert 
and Coleman.” Siribaed'® described a patho- 
genic organism that was closely allied to 
B. subtilis, naming it Bacillus siamensis, 
which was later shown by Clark'! to be 
B. cereus. Clark, in his article on B. sia- 
mensis, suggests that it is probable that 
the “pathogenic subtilis” bacilli of earlier 
investigators were strains of B. cereus. 
Sweany and Pinner suggest that B. subtilis 
should not always be regarded as a common 
contaminant, but that a thorough study 
should be made of such an organism when 
isolated from a pathological condition. 

Data obtained from postmortem examina- 
tions and histories of spontaneous as well 
as experimentally produced infection with 
the B. subtilis have led to the formulation 
of certain hypotheses. As this organism is 
widely distributed in nature, a source of 
infection would not be difficult to find. It 
is also known that this organism has low 
invasive properties. Therefore, in order to 
produce disease, there must be some means 
of entrance for the organism. In those ani- 
mals showing visceral lesions, the most 
logical assumption would be that the or- 
ganism enters the thoracic and abdominal 
cavities by way of punctures of the lungs 
or the gastrointestinal tract. Lung worms 
and nodular worms are two very likely fac- 
tors in producing the punctures. A foreign 
body in the recticulum could also be respon- 
sible. In case of the jaw abscesses, it ap- 
pears that the tissues are bruised and the 
organisms gain entrance either by means 
of breaks in the skin or by punctures from 
within the mouth. Inoculation of the or- 
ganism into the subcutaneous tissue of the 
jaws of calves produced local swelling and 
later generalized infection. 

A differential diagnosis in cases of vis- 
ceral abscesses of cattle and sheep, showing 
only symptoms of anorexia and diarrhea, 
offers a most difficult problem. Parasitism 
can usually be determined by fecal exam- 
ination. In certain instances, Johne’s dis- 
ease has been suspected from the history 


of the animals. An example may serve to 
illustrate this point. A Jersey heifer was 
presented to the laboratory in an extremely 
debilitated condition. The owner stated 
that the animal had been purchased at a 
general sale and its previous history was 
unknown. The heifer had failed to respond 
to satisfactory feeding regime and 
Johne’s disease was suspected. The heifer 
was negative to the johnin test and no para- 
site ova were found on fecal examination. 
On autopsy, a healed lesion of a mandibular 
abscess was found and B. subtilis was pres- 
ent in pure culture. The intestines were 
thickened but no acid-fast organism or 
coccidia could be demonstrated. This par- 
ticular type of intestinal thickening has 
frequently been found in other animals 
which have failed to react to johnin and in 
which B. subtilis has been found in the 
mesenteric lymph nodes. In several experi- 
mentally inoculated calves, the same type 
of thickening of the intestinal wall was ob- 
served. The similarity between the thick, 
hyperemic intestines found associated with 
B. subtilis infection and Johne’s disease 
makes a diagnosis on gross pathology alone 
impossible. In these cases, the presence or 
absence of acid-fast bacteria or coccidia are 
of special significance in making a diag- 
nosis. 


CONTROL PROCEDURES 


Since it has been impossible to demon- 
strate the means of transmission of the or- 
ganism, there is little that can be said re- 
garding specific preventive policies. 

Iodine appears to be specific for this or- 
ganism. The successful treatment of the 
jaw abscesses by intravenous use of so- 
dium iodide has shown this. In other cases, 
animals showing the general symptoms of 
debility, anorexia, rouzh hair coat, and 
diarrhea have responded to treatment with 
sodium iodide intravenously. In cases where 
Johne’s disease is present, the iodide treat- 
ment is useless. 


SUMMARY 
1) An organism classified as Bacillus 


subtilis has been isolated from cattle and 


sheep tissue. 
2) The source and significance of the iso- 
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lation of B. subtilis have been discussed. 
3) Descriptive characters of cultures 


freshly isolated from animal tissue and old 
laboratory cultures have been presented. 
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4) The pathology of the disease processes 
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The Effect of Chemotherapeutic Agents on the Normal Bovine 
Mammary Gland: |. The Effect of Novoxil 


W. G. ANDBERG, B.S., D.V.M., and F. J. WEIRETHER, B.S. 


St. Paul, 


WHILE THE TREATMENT of bovine mastitis 
by infusion of various therapeutic agents 
via the tea canal has been favorably re- 
ported by many investigators, some have 
observed unfavorable reactions in certain 
cases. According to Schalm,' 6 quarters 
out of a total of 88 infused with entozon 
reacted unfavorably to the treatment, for 
2 underwent partial atrophy, 1 became com- 
pletely atrophied, and the teats of 3 other 
quarters became occluded. Schalm* report- 
ed on the use of trypaflavine and stated 
that 8 out of 55 quarters, or 14.5 per cent, 
developed an increase in firmness or some 
atrophy after treatment and were consid- 
ered as having been injured. Little* report- 
ed that 1 quarter was severely damaged by 
infusion with a gramicidin-oil mixture and 
that in some treated quarters small clots of 
blood were occasionally detected in the 
foremilk. This was also observed in the un- 
treated quarters of other cows; hence, the 
significance of this observation was not 
clear. 

Johnson‘ stated that, in his experience, 
quarters treated with acriflavine were more 
susceptible to reinfection. No mildly in- 
fected nor healthy, treated quarters, how- 
ever, had been adversely affected. He states, 
furthermore, that a small percentage of 
quarters will probably be damaged from 
treatment and that the greatest number of 
damaged quarters had occurred during the 
earlier experiences with chemotherapy. 

A desirable therapeutic agent must not 
only destroy the infection, but must do a 
minimum of damage to the gland tissue. If 
an infected gland does not fully return to 


Paper No. 2070, scientific journal series, Minne- 
sota Agricultural Experiment Station, University 
of Minnesota. The work reported in this paper 
was made possible by a special legislative grant 
for the study of mastitis, the Divisions of Veteri- 
nary Medicine and Dairy Husbandry in coépera- 
tion. 

From the Division of Veterinary Medicine, Uni- 
versity Farm. 


Minnesota 


normal following therapy, it is not possible 
to attribute such failure definitely to the 
effects of the therapeutic agent as the 
pathological changes resulting from the in- 
fection might be the responsible factor. 
Therefore, to ascertain the effects upon the 
gland tissues of any therapeutic agents 
that may be used in infusions, such agents 
should be used upon normal glands. This 
report, the first of a series, deals with such 
a study in which 5 per cent silver oxide 
suspended in mineral oil (Novoxil*) was 
used. 


MATERIALS AND METHODS 


The object of this investigation was to de- 
termine the effect of Novoxil in the mammary 
gland upon: the microflora of the milk; the 
physical and chemical properties of the milk7; 
the physical status of the udder as determined 
by palpation as well as biopsy and postmortem 
examinations; and the blood picture and gen- 
eral systemic effects such as appetite, tem- 
perature, and general physical condition. 

There were three series of experiments and 
the pertinent data on the cows used are pre- 
sented in table 1. In the first experiment, 4 
cows with negative mastitis histories were 
used. All quarters except 3 were free from 
palpable fibrosis and the milks were normal 
to all chemical tests. As cow 459 was four- 
teen months in lactation, the leucocyte counts 
were high. Staphylococci were isolated from 
the milks of all of the quarters. After a ten- 
day period, during which the udders and milks 
were studied for normalcy, each quarter was 
infused with 10 cc. of Novoxil immediately 
after milking, according to the technique of 
Weirether et al.’ Milking was continued on 
regular schedule following the infusions. Sam- 
ples of milk were taken aseptically for bac- 
teriological examination and other samples 
were obtained for the chemical and physical 
examinations. Biopsies were made on the in- 
fused quarters. 

Because disturbances of the urinary organs 
were observed in 2 cows in the first experi- 


*The supply of Novoxil used in this experiment 
was made available by E. R. Squibb and Sons. 

+These determinations were carried out by the 
Division of Dairy Husbandry. 
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vent, a second experiment was conducted in 
which 2 other cows were used. The plan was 
ssentially the same as for the first experi- 
nent, except that 2 quarters of each cow were 
nfused; no biopsies were made, but a com- 
lete bacteriological and chemical uranalysis 
vas conducted. 

Since the disturbances observed in the 
first 2 experiments might be attributed to 
the age of the preparation used, a third 


experiment was planned, similar to the sec- 


TABLE |.—Data on the Experimental Animals Used in 
the Three Experiments 


af 4m Zo 
>» “hs Se Ea 
a2 - <62 82 <6 
1 459 Holstein 3.5 14 5.5 all 
491 Holstein 3 4 5.5 all 
542 Guernsey 2.5 5 open all 
544 Guernsey 2.5 t 1 all 

2 1 Guernsey ? 0.5 open right 

2 Shorthorn 7 05 open right 
475 Holstein 2.5 4 open left 
591 Holstein 2.5 3 open left 

*All cows were found to be free from Bang’'s dis- 

ease and tuberculosis. 


ond except that the uranalysis was omitted 
and a fresh preparation of Novoxil was 
used. One cow had a staphylococcic infec- 
tion in all quarters. 

The procedure and technique followed in 
the performance of the biopsies on the 
quarters of these 4 cows are described in a 
previous publication. On 2 cows, a biopsy 
of the parenchyma was performed on the 
right front quarter twelve hours after in- 
fusion. On the other 2 cows, this first 
biopsy on the right front quarter was done 
twenty-four hours after infusion. A biopsy 
on all cows was made on the right rear 
quarter four days after infusion. The third 
biopsy was performed on the left rear quar- 
ter of all cows eleven days after infusion. 
The remaining quarter (left front) was 
not examined. Two cows (542 and 544) were 
slaughtered four weeks after infusion, and 
sections were made of all the quarters as 
well as of the biopsy sites. The other 2 
cows (459 and 491), which were about five 
and one-half months pregnant, were re- 
tained for a longer period to determine the 


effects of the biopsies on the following lac- 
tation period. No ill effects were noted as 
a result of the biopsies. 


OBSERVATIONS 


The effects of the infusions of Novoxil 
upon these 8 cows were as follows: 


1) Physical changes of the udder and 
teats.—The effects of infusion on the ap- 
parently normal lactating gland paralleled in 
some respects the results reported by Wei- 
rether et al.® and Klein’ in mastitic glands. 
Within five hours after infusion, the cows 
manifested uneasiness and discomfort. The 
infused quarters were swollen, firm, and 
sensitive, causing the cows to stand with 
their hind legs apart. After twenty-four 
hours, there was some subcutaneous edema 
present along the ventral border. Within 
four days, the swelling had subsided con- 
siderably, but the parenchyma was firm 
upon palpation. In the first experiment, 
some of the swelling and tenderness oc- 
curred as a result of the biopsies. Within 
the four-week period after infusion, definite 
anatomical changes were noted upon palpa- 
tion. The parenchyma and the upper part 
of the teat canal contained numerous firm, 
fixed nodules varying in size up to approxi- 
mately 1 cm. in diameter in the cows in 
the first experiment and up to 5 cm. in the 
cows in the second experiment. In the third 
experiment, only a few small nodules could 
be palpated in the cistern area. Three 
weeks after infusion, the left front quarter 
of cow 542, of the first experiment, became 
occluded by a firm nodule in the teat canal 
which prevented the removal of milk from 
this quarter. The right front quarter was 
similarly involved, but total occlusion had 
not yet occurred before the termination of 
the experiment (four weeks after infu- 
sion). Previous to infusion, a palpable 
thickening was noted in the teat canal of 
the left front quarter, but not in the right 
front quarter. Cordiform thickenings were 
also palpable previous to infusion in the 
right front and right rear teat canals of 
cow 1 and in the right front teat canal of 
cow 2, 

2) Body temperatures.—In the first ex- 
periment, the hourly temperature readings 
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revealed in all cases a rise of about 2 to 3 
degrees within four hours, but after 
twenty-four hours the temperature re- 
turned to approximately the infusion level. 
The biopsies caused only transient rises. In 
the second experiment, there was a 4-de- 
gree rise in cow 2 within eight hours; how- 
ever, in twenty-four hours the tempera- 
tures were back to the preinfusion levels 
in both cows. There was another rise of 
2.0 to 2.4 degrees twelve hours later, fol- 
lowed by a return to normal in one and one- 
half days. In experiment 3, the tempera- 
ture increase occurred within twelve hours, 
rising 3.2 degrees in both cows, with a re- 
turn to the preinfusion level twenty-four 
hours later. 

3) Appetite——There was a slight im- 
pairment of the appetite of the cows in the 
first and second experiment only, and this 
occurred during the temperature rise. 

4) Changes in the milk.—(a) Appear- 
ance and Volume.—At the first milking 
(nine hours after infusion), the secretion 
was thick and consisted of serum, gray 
clots, and black sediment. The black sedi- 
ment disappeared within several days; then 
the secretion contained white flakes, and in 
some cases it was thin in consistency. Nor- 
mal appearing milk was designated as be- 
ing free from clots and sediment, the secre- 
tion being uniform in color and consistency 
as noted in the preinfusion samples. 

It was found (table 2) that, with a 10-cc. 
dose per quarter, it took an average of five 
days following infusion for the milk to re- 
turn to its normal appearance; with the 
20-cc. dose, ten and six-tenths days. Bloody 
milk was noted in 6 of the 12 quarters 
examined. The Novoxil, however, may have 
masked the appearance of blood in the milk 
in the quarters examined twelve and twen- 
ty-four hours after infusion. The effect of 
Novoxil upon the milk production of in- 
fused quarters is shown in table 3. With 
the 10-cc. and the 20-cc. doses of Novoxil, 
the decrease in miik production immediate- 
ly following infusion is approximately the 
same. With the large dose, the return to 
the preinfusion level is delayed. 


(b) Chemistry.—In an analysis of the 
data on the chemistry of the milk, sig- 


nificant differences were noted mainly in 
the percentage of chlorides and in the per- 
centage of lactose (table 4). Two days 
after infusion with the 10-cc. dose, the av- 
erage chlorides had increased from 0.11 to 
0.24 per cent and the return to the pre- 
infusion level had not occurred within ten 
days (0.13%). Within the 20-cc. dose, the 


TABLE 2.—Effects of Novoxil and Biopsies Upon the 
Physical Appearance of the Milk* 


4 
J 
so 
AZ 
Aa Ag “hE 
REF None 
459 10 LF 4 No biopsy 
RR 4 3 days 
LR days 
RF S None 
191 10 LF 7 No biopsy 
RR S 1 milking 
LR 7 1 milking 
1f 
RF None 
LF 4 No biopsy 
542 10 KR days 
LR None 
RF 8 None 
a44 10 LF 3 No biopsy 
RR j 1 milking 
LR i None 
1 20 RF 10 
2 RR 10 No biopsies 
RF 17 
2 20 RR 17 
475 20 LF 9 
3 LR 9 No biopsies 
591 20 LF 8 
LR 5 


*About 10 cc. of foremilk refrigerated for 
eighteen hours. 

RF = right front quarter; LF = left front; RR 
= right rear; and LR = left rear. 


tRF, examined twelve hours after infusion on 
cows 491 and 544, and twenty-four hours on cows 
459 and 542; LF, not examined; RR, examined four 
days after infusion; LR, examined eleven days 
after infusion. 


increase was from 0.08 to 0.26 per cent and 
from 0.10 to 0.12 per cent in experiments 
2 and 3, respectively (cow 591 omitted). 
The return to the preinfusion level had not 
occurred within ten days after infusion 
(0.12%). Two days after infusion with the 
10-ce. dose, the average lactose decreased 
from 5.43 to 1.36 per cent. The lowest per- 
centage was noted in the late lactation 
cows (459 and 491). The return to the pre- 
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nfusion level had not occurred within ten 
ays (4.55%). With the 20-cc. dose, the 
lecrease was from 5.18 to 1.60 per cent 
and from 5.11 to 3.00 per cent in experi- 
nents 2 and 3, respectively (cow 591 omit- 
‘ed). The return to the preinfusion level 
had not occurred within ten days (4.03 and 
1.41%, respectively). The least effect on 
chlorides and lactose was noted from the 
20-ec. dose of the most recently manufac- 
tured Novoxil. 


cells were polymorphonuclear leucocytes 
and, according to Holm,’ polymorphonuclear 
leucocytes are not a constituent of normal 
milk. 

The biopsies caused no appreciable in- 
crease of leucocytes, indicating possibly 
that there was only a small amount of 
tissue disturbance resulting from this pro- 
cedure. 

(d) Bacteria.—In experiment 1, a bac- 
teriological examination of the milk from 


TABLE 3.—Effect of Novoxil* Upon the Milk Production of Infused Quarters 


No. OF MONTHS 
QUARTERS IN 
Cow No. INFUSED LACTATION 


EXPERI- 
MENT 
No. 


AMOUNT OF MILK PER Day (LB.) 


DAY 
BEFORE 
INFUSION 1 


— ———DAYS AFTER INFUSION— 
10 


459 14 
491 9 
542 
544 


2 


12.6 
10.1 
18.7 
16.3 


10.6 
11.8 


bo | Po 
| S100 D9 00 


5 
4 
1 1 
1 


475 
591 3 


11.8 
9.1 


6.6 
1.7 


*In Experiment 1, Novoxil was about one year 
Novoxil was about two months old. Dose of 20 cc. 
two weeks old. Dose of 20 cc. per quarter. 


(c) Leucocytes.—The leucocyte counts 
of the milk indicated a severe tissue re- 
action following infusion. The second day 
after infusion, the leucocyte counts were 
classified as T.N.T.C. (too numerous to 
count) in all quarters on test. In the ten 
days following infusion, the count rapidly 
decreased to about 1,000,000 per ce. in all 
cows but 542, in which this count did not 
return to this level until two weeks after 
infusion. In experiments 1 and 2, the pre- 
infusion status had not been attained by 
the end of the experiment (four weeks). 
In experiment 3, the preinfusion level was 
reached about sixteen days after infusion 
in cow 475. In cow 459, the high preinfu- 
sion and postinfusion leucocyte count was 
lue to late lactation (fourteen months). 
(mmediately following infusion, the leuco- 
‘ytes were granular in appearance and the 
‘lumping of the cells made it difficult to 
btain accurate counts and to distinguish 
he morphology of the cells. Although no 
differential staining was used, an attempt 
was made at a differential count in the 
second experiment. The only recognizable 


per quarter. In Experiment 2, 
In Experiment 3, Novoxil was about 


old. Dose of 10 ce. 
per quarter. 


cows 491, 542, and 544 revealed that it was 
relatively free from any demonstrable bac- 
teria. A few staphylococci were found in 
the milk from all quarters of cow 459. 
Streptococci were isolated occasionally from 
these cows but were classified as sapro- 
phytes on the basis of biochemical reactions 
described by Plastridge et al.° Throughout 
experiment 2, all quarters were relatively 
free from bacteria. In experiment 3, since 
cow 591 had a persistent staphylococcic in- 
fection in three quarters (fourth quarter 
blind) before infusion, she was not in- 
cluded in the analysis of the data. Of in- 
terest is the fact that, after infusion, the 
milk from the infused quarters of cow 591 
remained free from bacteria for about nine 
days; then there was a return of the 
staphylococci in the milk, but the count 
had not reached the preinfusion level be- 
fore the conclusion of the experiment. The 
uninfused quarter had a persistent staphy- 
lococcic infection and the bacterial count 
increased greatly during the course of the 
experiment. 

5) Blood—In experiment 1, no marked 
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changes were observed in the amount of 
hemoglobin during the experiment. Figure 
1 shows the preinfusion and postinfusion 
levels of the differential blood cell counts. 
Following the infusion, a total leucopenia 
was noted in which the relative lymphocy- 
tosis was slight and the eosinophilia was 
marked. Within seven days after infusion, 
the preinfusion levels of the differential 
cell counts had been reached. The effects 
of the biopsies did not superimpose any 


LENGTH NO.OF 


TABLE 4.—Variation of Chlorides and Lactose in the Quarters Infused with Novoxil 


AVERAGE PER CENT OF 


ance. After calving, she had intermittent 
attacks of bloody urine and rapid loss of 
weight accompanied by a loss in milk pro- 
duction. She was finally destroyed about 
four months after infusion. The postmor- 
tem diagnosis was traumatic peritonitis 
and pyelonephritis. The manifestation of 
pyelonephritis in these 2 cows prompted a 
urine study in the second experiment to 
determine what possible effect the infusion 
of Novoxil had on the urine and on the 


AVERAGE PER CENT OF 


OF QUAR- CHLORIDES OF ALL INFUSED LACTOSE OF ALL INFUSED 
EXPERI- LACTA- TERS —— QUARTERS QUARTERS 

MENT COW TION IN IN- DAYS AFTER INFUSION DAYS AFTER INFUSION 
No. No. MONTHS FUSED BEFORE 1 2 5 10 BEFORE 1 2 5 10 
459 14 4 0.12 0.20 0.27 0.380 0.13 5.31 1.20 0.40 3.19 4.61 
1 491 i) 4 0.13 0.15 0.28 0.20 0.16 5.47 2.40 0.60 3.45 4.88 
542 5 4 0.09 0.20 0.22 0.15 0.12 5.64 2.72 1.84 3.98 4.70 
544 4 4 0.10 0.19 0.20 0.10 0.12 530 3.564 2.60 3.77 4.08 
2 1 1 2 0.07 0.24 0.26 0.18 0.09 5.19 2.038 1.90 3.58 4.31 
2 1 2 0.09 0.25 0.26 0.25 0.15 5.18 2.00 1.80 1.66 3.75 
3 475 4 2 0.30 O18 O22 642 632. §.11 3.07 3.00 4.04 4.41 
591* 3 2 0.18 0.15 6.14 0.16 @15 3.71 2.69 3.81 2.85 3.86 

os *Staphylococci continuously isolated from the milk of all quarters in preinfusion period. pitted 


significant changes on the postinfusion 
hemogram. In experiments 2 and 3, the 
results obtained were similar to those in 
the previous experiment (fig. 1) except for 
individual differences in percentage levels. 

6) Urine.—lIn experiment 1, one and a 
half days after infusion, cows 459 and 544 
passed bloody urine. This observation led 
to a careful examination of the urine. Sam- 
ples were taken by a sterile catheter as 
aseptically as possible and beef-infusion 
agar slants were streaked and incubated at 
37 C. Corynebacterium renalis was readily 
recovered from the urine of both cows. 
Upon palpation of the urinary tract through 
the rectum, cow 544 manifested pain by 
straining and uneasiness when the bladder 
was touched. Cow 459, upon palpation, 
gave evidence of a roughened mucosa of 
the bladder. The bloody urine persisted for 
about a week in cow 544 and the diagnosis 
of pyelonephritis was confirmed after 
slaughter. In cow 459, this condition per- 
sisted for a longer time. She was placed on 
a course of treatment with sulfathiazole in 
an attempt to correct the kidney disturb- 


urinary tract. In experiment 2, a bacterio- 
logical and chemical examination of the 
urine and a periodic physical examination 
of the urinary tract during the course of 
the experiment revealed no_ significant 
urinary changes. After slaughter, there 
was no macroscopic evidence to indicate 
any tissue disturbance in the urinary tract 
and this was confirmed by microscopic ex- 
amination of tissue sections. In the first 
experiment, cow 459 had had an attack of 
pyelonephritis previous to the infusion with 
Novoxil. Cow 544 had no history of any 
previous urinary infection, but such a con- 
dition may have existed without clinical 
manifestations. It is possible that the in- 
fusion of Novoxil stimulated a previous 
urinary tract infection, but did not initiate 
the condition. 

7) Biopsies of the udder.—The tissues 
obtained by biopsy were fixed in 10 per 
cent formalin and stained with hematoxy- 
lin and eosin. Biopsy sections of the right 
front quarters twenty-four hours after in- 
fusion show numerous polymorphonuclear 
leucocytes in the ducts and in a majority of 
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tne alveoli. A few foreign body giant cells 
re seen adjacent to a few alveoli. These 
-ections also show some interstitial edema, 
ipillary congestion, and some prolifera- 
‘ion of fibroblasts in the parenchyma, and 
the secretion in many alveoli is darkly 
stained (fig. 2). The leucocytes in the milk 
at this time were very numerous and in 
some instances clumped together. Biopsies 
made on the right rear quarters show a few 
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Fig. 1.—Blood cell counts of cows 459, 491, 542, 

and 544 (experiment |), before and after in- 

fusion with Novoxil, averaged from one daily 
sample per cow. 


polymorphonuclear leucocytes in a few al- 
veoli, some capillary congestion, some inter- 
stitial edema, and also some proliferation 
of fibroblasts (fig. 3). Biopsies on the left 
rear quarters eleven days after infusion 
show microscopically no polymorphonuclear 
leucocytes and no secretion present in the 
alveoli. The proliferation of fibroblasts is 
the most prominent feature in these sec- 
tions and this is accompanied by conges- 
tion (fig. 4). 


8) Udder after slaughter—Cows 542 
ind 544 were slaughtered four weeks after 
nfusion. Previous to slaughter, the quar- 
‘ers of all 4 cows had definite palpable 
structural changes which had not been 
present during the preinfusion period. The 
vreatest change was noted in cow 542 
vhich, four weeks after infusion, had de- 
veloped fibrotic areas about 2 to 2.5 in. in 
liameter in the cisterns, and cordiform 


thickenings in the teat canals. In 3 of the 
4 teat canals, a slight cordiform thickening 
was present previous to infusion. In cow 
544, the changes were confined to the cis- 
tern and in this region small nodules were 
palpated. In cows 459 and 491, which ‘were 
retained for further study, it was found 
that these structural changes disappeared 
in time. In 7 of the 8 quarters of cows 542 
and 544 (four weeks after infusion), there 
were numerous raised, reddish, granular 
foci about 0.1 to 0.3 cm. in size located on 
the lining of the folds in the cistern. In 
cow 542, similar lesions were present in the 
teat canal of the right front quarter. Micro- 
scopically, a section of the teat lining of 
this quarter in the vicinity of the streak 
canal shows subepithelial congestion with 
polymorphonuclear infiltration (fig. 5). This 
illustrates the most extensive tissue changes 
noted in the teat canals. In some quarters, 
milk clots were found covering some of the 
reddish, granular areas. A few nodules 
varying up to 0.5 cm. in size which were 
present on the cistern lining could be pal- 
pated previous to slaughter. Brown foci 
of silver of various dimensions were scat- 
tered throughout the parenchyma (fig. 6). 
Tissue sections were taken of the struc- 
tural changes for histological study. Ten 
per cent formalin fixative and hematoxylin 
and eosin stains were used. After slaugh- 
ter, a section of the parenchyma of the left 
front quarter of cow 542 (not biopsied) 
shows foci of fibroblastic proliferation be- 
tween alveoli (fig. 7). Sections taken in 
these nodules in the cistern reveal active 
and chronic connective tissue proliferation 
(fig. 8). Silver particles were seen in some 
of the sections. Cow 459 was slaughtered 
four months after infusion because of trau- 
matic peritonitis. When the quarters were 
cut open, numerous pin-point, black foci 
were present on the folds of the cisterns. 
Microscopically, these foci show deposits of 
silver in the connective tissue (fig. 9). 


It should be pointed out that the Novoxil 
used in this experiment was kept at room 
temperature for approximately one year. 
When shaken, it was difficult to incorporate 
the silver particles into the oil and the sus- 
pension was stable for only a short time. 
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‘resh preparations of Novoxil were used in 
he next 2 experiments; they suspended 
easily and settled slowly. 

In experiment 2, the cows were slaugh- 
ered four weeks after infusion. Macro- 
copically, the left front and left rear quar- 
‘ers (uninfused) appeared normal on both 
cows. Numerous small, raised, reddish, 
rranular foci were present on the lining of 
the cistern of the right front and right 
rear quarters (infused) on cows 1 and 2. 
Numerous milk clots were present in this 
region and in the teat canal and in some 
cases covered these foci. A few nodules 
varying up to 0.6 cm. (fig. 6) in size were 
found that were firm and fixed to the cis- 
tern lining. There were also brown foci 
of silver scattered throughout the paren- 
chyma. Microscopically, sections of the in- 
fused quarters showed connective tissue 
proliferation as in the previous experiment. 
A section taken through a focus of brown 
tissue in the cistern area (fig. 10) shows 
the presence of silver in the tissue. 

In experiment 3, the cows were also 
slaughtered four weeks after infusion. 
Macroscopically, cow 475 showed some 


small, raised, reddish, granular foci on the 
folds of the cistern. There were numerous 
yellow milk clots in the cistern and in the 
parenchyma which felt gritty. There were 
also a few nodules that were firm and fixed 


Fig. 2.—Mammary gland (cow 542, right front 
quarter). Biopsy taken twenty-four hours after in- 
fusion with Novoxil. The reaction is characterized 
by the presence of numerous polymorphonuclear 
leucocytes, the proliferation of fibroblasts, con- 
gestion, and edema. (Reduced from x!28.) 


Fig. 3—Mammary gland (cow 491, right rear 

quarter). Biopsy taken four days after infusion 

with Novoxil. A small number of the alveoli con- 

tain a few polymorphonuclear leucocytes. The 

congestion, edema, and fibroblastic state still per- 
sist. (Reduced from x128.) 


Fig. 4.—Mammary gland (cow 544, left rear 
quarter). Biopsy taken eleven days after infusion 
with Novoxil. Fibroblastic proliferation is most 
prominent and is accompanied by congestion. 
Note the absence of polymorphonuclear leuco- 
cytes in the alveoli. (Reduced from x128.) 


Fig. 5.—Mammary gland (cow 542, right front 
quarter). Lining of the teat cistern. Note con- 
gestion beneath stratified squamous epithelium. 
(Reduced from 356.) 


CAPTIONS FOR ILLUSTRATIONS ON OPPOSITE PAGE 


to the cistern lining. A section through a 
nodule in the left rear quarter of cow 475 
shows active connective tissue proliferation 
(fig. 8). Scattered areas of silver were seen 
throughout the parenchyma of the infused 
quarters. Macroscopically, the infused 
quarters of cow 591 showed no visible 
changes except brown foci of silver through- 
out the parenchyma. This cow had a sta- 
phylococcic infection of all infused quar- 
ters. Microscopically, silver deposits could 
be seen in sections from both cows. 

It is of interest to note the difference in 
size of silver deposits in the tissue obtained 
with the two different lots of Novoxil used, 
as is shown in fig. 9 and 10. 

Cow 491, which died from traumatic peri- 
carditis seventeen months after infusion, 
showed no evidence of silver deposits in the 
gland, no macroscopic nor microscopic 
pathological changes, nor any trace of the 
biopsy sites. 


SUMMARY AND CONCLUSIONS 


In a series of 3 experiments, a total of 
18 apparently normal quarters of 8 cows 
were infused with Novoxil to determine its 
effects upon apparently normal lactating 
mammary glands. 

The infusions produced a condition simu- 
lating acute mastitis. The glands became 
enlarged, tender, and firm; the milk be- 


Fig. 7.—Mammary gland (cow 542, left front 
quarter). Section taken after slaughter, four 
weeks after infusion. Note foci of fibroblastic 
proliferation between alveoli. (Reduced from 
x128.) 


Fig. 8—Mammary gland (cow 475, left rear 

quarter). Cross section of a fibrotic nodule from 

the cistern, four weeks after infusion. Chronic 

connective tissue proliferation is seen. (Reduced 
from x128.) 


Fig. 9.—Mammary gland (cow 459, right front 
quarter). Lining of cistern four months after in- 
fusion with Novoxil (one year old). Note silver 
deposits surrounded by Ivmphocytes. (Reduced 
from x356.) Note the larger size of the silver 
particles as compared with fig. 10. 


Fig. 10.—Mammary gland (cow 2, right rear 

quarter). Lining of cistern four weeks after in- 

fusion with Novoxil (two months old). Note silver 

deposits surrounded by lymphocytes. (Reduced 
from x356.) 
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‘ame abnormal in consistency; and the per- 
centages of the milk chlorides increased 
and those of the lactose decreased. This 
Was accompanied by an increase in poly- 
morphonuclear leucocytes in the milk. 


Five of the 6 cows slaughtered four 
weeks after infusion showed macroscopic 
evidence of the irritation localized in the 
cistern in the form of numerous small, 


Fig. 6.—Mammary gland (cow I, right front quar- 

ter). Four weeks after infusion with Novoxil (two 

months old). The small, reddish, granular foci on 

the lining of the cistern folds are not noticeable 

in this picture. (1) Foci of silver deposits. (2) 
Fibrotic nodule in cistern. 


‘aised, reddish, granular foci, some of 
which were covered with milk clots. Fibro- 
tic nodules also developed in this region. 
In 4 of the 16 infused quarters, palpable 
thickenings were noted in the teat canals 
in the preinfusion period. In 1 such quar- 
ter, a fibrotic nodule developed within three 
weeks after infusion, resulting in occlusion 
of the milk flow. 
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Two cows passed bloody urine one day 
after infusion. One of the cows had a his- 
tory of previous urinary disturbance. How- 
ever, a subsequent negative uranalysis on 
2 cows following infusion suggested that 
Novoxil possibly stimulated a _ previous 
urinary infection but did not initiate such 
a condition. 


Novoxil used in the first experiment was 
kept at room temperature for approximate- 
ly one year. When shaken, it was difficult 
to incorporate the silver particles into the 
oil and the suspension was stable for only 
a short time. Fresh preparations of No- 
voxil, used in the next 2 experiments, sus- 
pended easily and settled slowly. 


No apparent permanent changes in the 
udder were noted macroscopically nor mi- 
croscopically in 2 cows four and seventeen 
months after infusion with Novoxil (one 
year of age). 
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PREVIOUS WORK on infections with Tricho- 
monas foetus in bulls has shown that the 
preputial cavity is the preferential site for 
the organism (Andrews and Miller, 1938; 
Abelein, 1941). The primary purpose of 
the present investigation was to obtain data 
on the distribution of trichomonads on the 
penis and prepuce, and incidentally to de- 
termine the possible occurrence of tricho- 
monads in the lower urethra. Information 
as to where trichomonads reside in bulls, 
and how they are distributed, is obviously 
necessary as a basis for developing tech- 
nique to increase the accuracy of diagnosis, 
and to develop methods of destroying these 
organisms. 


MATERIALS AND METHODS 


Four bulls (208, 207, 193, 214) all infected 
with 7. foetus, ranging in age from 21 months 
to 6% years, were used in this investigation. 
One bull (208) was naturally infected and 
found positive eighteen months previously. In 
the other three bulls, the infections had been 
produced experimentally about seven, two, and 
one month, respectively, prior to the use of the 
bulls in this study. Three of the bulls (208, 
207, 198) had been transmitting trichomonia- 
sis to susceptible females at service, and tri- 
chomonads were demonstrated at the weekly 
examinations, with the exception of one exam- 
ination of bull 207, during the entire eight 
months covered by the investigation. In the 
fourth bull (214), trichomonads were found 
it weekly examinations during the interval of 
one month between the time the infection was 
experimentally produced and the time he was 
ised in this study. Samples from this bull 
vere negative the following week, positive the 
ext two weeks, and have been negative during 
the following two months, indicating that he 
nay have lost the infection. He has not been 
sed for service since becoming infected, so 
iis ability to transmit the infection has not 
een tested. 


This work was carried out at the United States 
epartment of Agriculture, Beltsville Research 
enter. 


From the Zoélogical Division, Bureau of Animal 
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In establishing infections experimentally 
and in obtaining preputial samples for routine 
diagnosis, the methods used were those de- 
scribed in detail elsewhere (Hammond and 
Bartlett, 1943). Infections were established 
experimentally by introducing into the prepuce 
pledgets of cotton soaked in vaginal flushings 
from infected females. Samples were obtained 
by inserting a pipette designed for this pur- 
pose into the posterior part of the preputial 
cavity, and aspirating fluid with a rubber 
bulb attached to the pipette. 

Preliminary to making the examination, 
each bull was restrained in stocks, his pre- 
putial tuft clipped, and the preputial orifice 
washed and dried with a paper towel. Anes- 
thesia of the genital mucosa and partial paral- 
ysis of the retractor penis muscle was pro- 
duced by injecting a solution of 1 per cent 
procaine and 0.1 per cent epinephrine between 
the first and second coccygeal vertebrae into 
the epidural space. The quantity used was 15 
to 20 cc., depending on the size of the subject. 
Some manipulation was usually necessary to 
cause protrusion of the glans to a position 
where it could be grasped and held. All this 
manipulation was done posterior to the pre- 
putial cavity to prevent possible changes in 
the natural location of the trichomonads. The 
galea glandis was sampled by scraping its sur- 
face as soon as it was protruded. Then the 
galea glandis was covered with a small piece 
of paper towel, and by applying continued 
light traction the penis was gradually with- 
drawn, and a sample was obtained from each 
designated area of the penis and prepuce as 
it was exposed. 

The scrapings were made with wooden ap- 
plicators flattened at one end by sandpapering. 
Five different areas on the penis and prepuce 
were sampled. As shown in fig. 1, these were: 
(a) galea glandis, (b) the portion of the glans 
penis not including the galea, (c) the rela- 
tively smooth area of the preputial membrane 
adjacent to the glans, (d) the more highly 
folded area of the preputial membrane about 
midway between the glans in its retracted po- 
sition and the preputial orifice, and (e) the 
less folded area of the preputial membrane 
adjacent to the preputial orifice. A surface of 
about 3’ x1” was scraped in sampling each 
area, except the galea glandis, the entire sur- 
face of which was included. By light scraping, 
semi-fluid matter varying somewhat in quan- 
tity in the different areas was collected on the 
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flat end of the applicator, which was then 
placed in a centrifuge tube containing 1 cc. of 
0.7 per cent saline solution. Thus, the con- 
centration of cellular material in the tubes 
differed somewhat, according to the amount of 
smegma each contained. A clean applicator 
and tube were used for each area. In 8 of the 
15 examinations, after the scrapings were com- 
pleted, a flushing of the lower portion of the 
urethra was made. The area surrounding the 
urethral orifice was swabbed with sterile 0.7 
per cent saline, a short number 8 rubber 
catheter was introduced into the urethra about 
3 in., 5 cc, sterile saline was injected with a 
syringe and then as much of this was recov- 
ered as possible. In each bull, there was an 
interval of about six weeks between successive 
examinations. 

The samples were examined within an hour 
after the scrapings were made, and the num- 
ber of trichomonads present estimated by 
counting the organisms in a known volume of 
sample. After the sample had been agitated 
to obtain uniform distribution, several por- 
tions were examined under the microscope with 
the aid of a hemacytometer; or, if the numbers 
were relatively low, 0.05 ce. of the sample was 
examined on a glass slide. If no trichomonads 
were detected the sample was allowed to stand 
for one hour or more and the sediment exam- 
ined carefully to determine if any tricho- 
monads were present. 

As noted above, the samples differed some- 
what in respect to the amounts of smegma 
they contained, and, as might be expected, in 
general, the samples with larger amounts of 
smegma were found to have higher counts of 
trichomonads than those with smaller amounts. 
However, the differences in counts of tricho- 
monads were not necessarily proportional to 
the differences in amounts of smegma, and, 
frequently, samples with similar amounts of 
smegma contained markedly different numbers 
of trichomonads. 


RESULTS 


The results of the microscopic examina- 
tion of the samples from the different areas 
of the penis and prepuce are presented in 
table 1. Positive samples in which the num- 
bers were too low to be estimated by count- 
ing the trichomonads in 0.05 cc. are indi- 
cated by +, negative samples by 0. 

As indicated by the figures in table 1, 
trichomonads were most often found in 
highest numbers on the portion of the glans 
penis not including the galea, and in rela- 
tively lower numbers on the other areas of 
the penis and prepuce. There were no uni- 
form differences in number of trichomonads 
found on the areas of the prepuce, but in 2 


(208 and 193) of the 3 bulls examined sevy- 
eral times, lower numbers of trichomonads 
occurred on the 2 anterior areas continuous 
with the preputial orifice than in the pos- 
terior area continuous with the glans. In 
the other bull (207), there was no charac- 
teristic difference in the numbers of tricho- 
monads found in the different areas of the 
prepuce. Each bull examined several times 
showed differences in distribution of the 
trichomonads at the different examinations. 

The distribution of trichomonads in the 
preputial cavity was apparently correlated, 
to some extent, with the distribution of 
smegma as determined by observation at 
the time the area was scraped, and by not- 
ing the relative amount of sediment in the 
sample tube. The area of the glans not in- 
cluding the galea characteristically had 
relatively large amounts of smegma, and, 
as noted above, this area usually showed 
the highest number of trichomonads. The 
two bulls (208 and 193), which had com- 
paratively few trichomonads in samples 
from the two anterior areas continuous with 
the preputial orifice, usually had less 
smegma on these than was present on the 
remaining three areas. In bull 207, there 
was usually more smegma on the two outer 
areas of the prepuce, and the counts of 
trichomonads in samples from these were 
relatively high. As noted in table 1, un- 
usually large amounts of smegma were ob- 
tained from the middle area of the prepuce 
of bull 207 at the examination on Oct. 2, 
1942, and from the galea of bull 193 at the 
examination on Sept. 8, 1942, and these 
particular samples gave relatively high 
counts of trichomonads. However, the dis- 
tribution of smegma apparently was not 
the only factor involved in the distribution 
of trichomonads. This is indicated by the 
fact that the difference in the number o! 
trichomonads in samples from two areas 
was frequently greater than could be ac- 
counted for by the difference in amounts of 
smegma. A marked difference in counts o! 
trichomonads often occurred between sam- 
ples from two areas with similar quantities 
of smegma. 

As shown in table 1, differences in gen- 
eral level of numbers of trichomonads were 
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und in the bulls. In bull 214 only one 
trichomonad was found. His weekly prepu- 
tial samples taken with a pipette had shown 
relatively few trichomonads, which fact 
supports this finding in suggesting a low 
level of infection. It is noteworthy that 
the single trichomonad was found on the 
area indicated by the results from the other 
bulls as the place where trichomonads are 
usually found in greatest numbers. 

Bull 208 showed higher levels of numbers 
than the other bulls in all but his fourth 


trichomonads did not ordinarily occur in 
the lower urethra in these bulls. 

It was observed that the portion of the 
glans, not including the galea, possessed a 
characteristically rough, uneven surface. 
The degree of roughness varied in the dif- 
ferent bulls, being most prominent in bull 
208, the oldest. A similar uneven surface 
of this region was also seen in 2 noninfected 
bulls examined under epidural anesthesia. 
Macroscopic examination of freshly-killed 
and formalin-fixed specimens taken from 15 


TABLE |.—Results of Examinations of Bulls Under Epidural Anesthesia to Determine Distribution of Trichomonas 
Foetus in the Preputial Cavity 


Number of Trichomonas foetus per cc. im 
- ——-Scrapings from —————-— — RESULTS 


DATE OF 
EXAMI- 
NATION 


No. DATE 
OF DATE OF INFECTION 
ULL BIRTH BEGAN 


GALEA 


REMAIN- JACENT 


GLANDIS 


PREPUCE OF 
ADJACENT AVER- EXAMI- 
TO PRE- AGE NATION OF 
MIDDLE PUTIAL NUM- URETHRAL 
PREPUCE ORIFICE BER FLUSHINGS 


PREPUCE 
AD- 


DER OF TO 
GLANS GLANS 


Unknown: first 1,500 
positive exami- 
nation 9/17/40 

Naturally 

infected 


208 10/27/35 


12,000 
3,000 
120 


0 
7,000 


1,000 3,000 
4,000 


20,500 
10, 400 


85,000 
40,000 
3,000 
130 
10,000 
27,626 


negative 
negative 


5/19/40 11/25/41 
Experi- 
mentally 
infected 2/42 
11/11/42 


Average 


110 
260 
300 
2,000 
240 


582 


negative 
negative 
negative 


6/19/42 
7/29/42 
9/ 8/42 
10/22/42 


Average 


4/30/39 4/13/42 
Experi- 
mentally 
infected 


800 
900 
900 
300 


m6 
725 


negative 
negative 


8/11/42 

Experi- 
mentally 9/ 9/42 
infected 


14 12/3/40 


negative 


Average 
of all 
samples 


*Relatively large quantity of smegma in this sample. 


examination. He also showed a wider range 
in numbers than the other bulls. In his 
ase there was an apparently uninterrupted 
lecrease in numbers during a period from 
May 15 to September 23, a little over four 
months, followed by an increase, shown at 
he time of the next examination, on No- 
vember 5. That these changes in numbers 
lid not proceed at a steady rate is indicated 
by fluctuations in numbers of trichomonads 
ound in the weekly samples taken with 
pipette. 

All the samples of flushings from the 
irethra were negative, indicating that 


bulls in an abattoir showed that the sur- 
face of the galea glandis is relatively 
smooth, but that the rest of the glans has 
a surface characterized by a network of fine 
infoldings. These varied in degree of de- 
velopment from slight, irregular depres- 
sions, resulting in an appearance similar to 
that of pebble-grain leather, to relatively 
deep, closely arranged crevices, producing 
a papillate appearance. In sectioned mate- 
rial, the epithelium of the portion of the 
glans not including the galea showed nu- 
merous, well-defined infoldings similar to 
those found by Abelein (1941). 


: || 
| 
t 
30 32 
2,000 500 4,300 
Average 1,720 4,424 616 1,514 7,180 
17 — 60 0 100 54 
120 40 40 120 116 
120 120 40 320 180 
800 800 1,000* + 920 
20 60 100 160 116 
224 204 236 140 277 
13 4 4 0 0 160 : 
1,300* 450 20 40 541 
100 250 20 60 144 
PF 350 || 220 15 22 266 
: a 744 9,529 1,601 288 557 2,557 
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The uneven surface of the portion of the 
glans, not including the galea, was prob- 
ably a factor in the regular presence of 
larger amounts of preputial material in 
scrapings from this area as compared with 
the other areas sampled. Also, since this 
portion of the glans was found to harbor 
the highest numbers of trichomonads, it 
seems likely that in infections other than 
those lasting only a short time tricho- 
monads become established in the crevices 
formed by these infoldings, as suggested 
by Abelein (1941). However, presence of 
trichomonads in these crevices has not yet 
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correlated with a high number of tricho- 
monads. Because of the inconsistency of 
their presence, the possible etiologic rela- 
tionship of trichomoniasis to these lesions 
is open to question. Recent investigations 
(Riedmiiller, 1939; Abclein, 1941) indicate 
that uncomplicated trichomoniasis does not 
produce any marked symptoms of balano- 
posthitis in bulls. 


DISCUSSION 
The findings with respect to distribution 


of trichomonads in the preputial cavity are 
of significance for diagnosis and treatment 


Fig. |.—Photograph of preputial sac laid open, with penis in a fully retracted position, showing 

the different areas sampled by scraping: (a) galea glandis, (b) the portion of the glans penis not 

including the galea, (c) the area of the prepuce adjacent to the glans, (d) the middle area of the 

prepuce, (e) the area adjacent to the preputial orifice. Fresh specimen taken from bull at time of 
slaughter several hours previously. 


been demonstrated by histologic methods. 

These infected bulls did not show any 
consistent abnormalities in the appearance 
of the penis and prepuce. In all the bulls, 
there were observed at times reddened pin- 
point areas, scattered particularly on the 
glans penis and adjacent area of the pre- 
puce. An appearance similar to this has 
been described as characteristic of the 
chronic stage of infection in bulls, while 
more severe symptoms of inflammation 
were reported as being characteristic of 
early stages of infection (Kiist, 1933; and 
others). In the present investigation, this 
abnormality in appearance was observed 
only occasionally and its presence was not 


only if the preputial cavity is the chief or 
sole site occupied by the trichomonads in 
bulls. Although the problem of whether or 
not trichomonads are confined to the pre- 
putial cavity was not attacked directly in 
the present investigation, the literature 
concerning it will be reviewed because of 
its importance as a background for this 
investigation. 

The presence of trichomonads in the 
blood stream of cattle has been reported 
by Kiist (19366) and Wagner and Hees 
(1937). These findings have not been con- 
firmed by other workers (Abelein, 1941; 
Robertson, 1941). 

There is some direct and indirect evi- 


| 
| 
at 
| 
A 
| B 
‘ 
| 
| 
| 
| 
| 
| 


J. Ver. REs. 


TRICHOMONAS FOETUS 


147 


lence to indicate that trichomonads may 
become established in parts of the urogeni- 
tal system other than the preputial cavity. 
Futamura (1935) reported finding the or- 
vanisms only in the ampulla ductus defer- 
entis at autopsy of an infected bull. Karl- 
son and Boyd (1941) found T. foetus in a 
seminal vesicle of a bull with bilateral or- 
chitis and seminal vesiculitis, Corynebacte- 
rium pyogenes being present in both semi- 
nal vesicles and left epididymis. In this 
case, the presence of another pathogenic 
organism may have been a factor influenc- 
ing the establishment of the trichomonads 
in the seminal vesicle. At autopsy of an in- 
fected bull, Cameron, Fincher and Gilman 
(1933) found fairly large numbers of tri- 
chomonads in the fornix of the prepuce, 
and an organism resembling Trichomonas 
in motility in the epididymis, but they saw 
no trichomonads in material from the testis 
or urethra. 

Kiist (1935) was unable to demonstrate 
trichomonads in bulls with chronic infec- 
tions, and found none in any of the repro- 
ductive organs at autopsy of such bulls, yet 
he found that bulls of this type transmitted 
trichomoniasis to cows. Feiling (1935) 
found trichomonads in the ejaculate of bulls 
with chronic infections, and Kiist (1936 a) 
suggested that in such bulls organisms must 
be present in the urinary apparatus, par- 
ticularly the urethra, from which they 
would be carried out with the ejaculate. 
Kiist (1936 b) later reported finding tricho- 
monads sporadically in the urethra, but 
gave no details. 

A number of investigators have been un- 
able to find trichomonads in any place other 
than the preputial cavity or its secretions. 
At autopsy of several bulls, which had 
transmitted trichomoniasis to cows, Abelein 
(1932) was unable to demonstrate tricho- 
monads in any of the internal reproductive 
rgans but found trichomonads in the pre- 
putial secretions of infected living bulls. 
Rees (1938) likewise found trichomonads 
mly on the penis of an infected bull at au- 
‘opsy, and in later work (unpublished data) 
ne demonstrated trichomonads in the pre- 
putial cavity of an infected bull, while the 
irethra, seminal vesicles and ampullae of 


the ductus deferentis were all negative. 
Menzani and Giacomoni (1939) stated that 
the presence of trichomonads in bulls is 
limited to the preputial cavity. 

Andrews and Miller (1938) found tricho- 
monads in fluids obtained by massage per 
rectum of the seminal vesicles and ampullae, 
respectively, more frequently than in pre- 
putial flushings in 4 of 5 infected bulls; 
yet they found trichomonads only on the 
glans penis and prepuce at autopsy of 3 in- 
fected bulls, including 1 whose fluids ob- 
tained by massage had frequently been 
positive. 

In order to clarify the question of whether 
trichomonads become established in the in- 
ternal urogenital organs, Abelein (1941) 
conducted an extensive series of investiga- 
tions of infected bulls, the results of which 
indicate that by the methods used tricho- 
monads were regularly demonstrable in the 
preputial cavity of infected bulls, and that 
trichomonads found in semen come from 
admixture with preputial secretions rather 
than from the higher urogenital organs. 
Abelein was able to demonstrate tricho- 
monads in the preputial cavity in 150 out 
of a total of 153 infected bulls. Using a 
method which minimized the possibility .ef 
contamination with preputial secretions, 
this author obtained 75 samples of a mix- 
ture of urine and spermatic fluid from 60 
infected bulls, of which 56 had been shown 
to have trichomonads in the preputial cav- 
ity, and trichomonads were found in only 2 
of these samples. In each of these 2 cases, 
contamination with preputial secretions may 
have occurred, and the number of tricho- 
monads found was very small. Abelein con- 
cluded from these results that trichomonads 
occur in bulls only in the preputial sac, and 
possibly for short times in the urethra near 
its anterior orifice. 

In the present study, the fact that tricho- 
monads were consistently demonstrated 
over a period of six months in the weekly 
preputial samples from all 3 of the perma- 
nently infected bulls agrees with Abelein’s 
reported success in finding trichomonads in 
the preputial cavities of most infected bulls. 
The negative findings in the urethral flush- 
ings from all of the 4 bulls tend to show 
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that trichomonads ordinarily do not occur 
in the lower urethra. 

From the data available it, therefore, 
appears likely that the preputial cavity is 
the ordinary habitat of T. foetus in bulls. 
Invasion of the internal urogenital organs, 
as reported by Futamura (1935) and Karl- 
son and Boyd (1941), apparently occurs 
only in unusual cases. 

Previous observations upon the distribu- 
tion of trichomonads in the preputial cavity 
of bulls have been of a general nature. 
Moller (1935) found trichomonads in the 
folds of the penile mucosa of a bull exam- 
ined under anesthesia. Abelein (1941) and 
Swangard (1941, 1942), in obtaining sam- 
ples from the prepuce for diagnosis, used 
special instruments which made possible 
the sampling of particular areas and in this 
way they gained information on the distri- 
bution of trichomonads. Abelein observed 
that trichomonads are found chiefly in the 
posterior portion of the preputial cavity 
and that they did not seem to be uniformly 
distributed in this area but appeared to 
occur in groups (nesterweise). Swangard 
(1941, 1942) observed that during periods 
of active inflammation the trichomonads 
were particularly numerous in the crevices 
of the glans penis adjacent to the urethral 
orifice, and in the folds of the preputial 
membrane lying in apposition to the glans 
when the penis is in a retracted position. 

The results of the present investigation 
agree with the observations of Abelein and 
Swangard in showing the general region 
of the glans and adjacent prepuce as the 
area where the greatest concentration of 
trichomonads occur. However, in Swan- 
gard’s observations the regions of the tip 
of the glans and the prepuce lying in appo- 
sition to the glans were indicated as the 
specific areas of greatest concentration of 
trichomonads, while in the present study 
the glans other than the galea was found 
usually to have the highest numbers of 
trichomonads. 

The finding that trichomonads are usual- 
ly present in highest numbers on the por- 
tion of the glans penis, not including the 
galea, shows that the accuracy of diagnosis 
may be improved by making sure that the 


samples are obtained from this area. The 
possibility that the crevices in the surface 
of the glans may serve as a reservoir for 
trichomonads indicates that particular at- 
tention be given this area in treatment. 


SUMMARY 


1) In order to determine the distribu- 
tion of Trichomonas foetus in the bovine 
preputial cavity, one naturally-infected and 
3 experimentally-infected bulls were exam- 
ined a total of 15 times under epidural 
anesthesia. In each examination, light 
scrapings of designated areas of the penis 
and prepuce were made, and in 8 of the 
examinations the lower urethra was flushed. 
The material obtained from each area was 
diluted and the approximate number of tri- 
chomonads it contained was determined. 

2) Trichomonads were usually found in 
highest numbers on the portion of the glans 
penis not including the galea glandis, with 
relatively lower numbers scattered over the 
remainder of the penis and prepuce. Varia- 
tions in general level of numbers and in 
distribution of trichomonads were noted 
both in different individuals and in the 
same individual at different times. All 
flushings from the lower urethra were neg- 
ative. 

3) Previous investigations on the loca- 
tion of trichomonads in bulls, and the dis- 
tribution of the organisms in the preputial 
cavity are reviewed and the relationship 
of the results of the present investigation 
to that work is discussed. 

4) The findings with respect to distribu- 
tion of trichomonads in the preputial cav- 
ity indicate that the accuracy of diagnosis 
in bulls will be improved by making certain 
that in obtaining samples material is co!- 
lected from the surface of the glans penis 
and adjacent prepuce. This may be ac- 
complished by use of a pipette or other 
sampling device. In the application of 
treatment this area should receive special 
attention. 
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An Experiment with Sulfaguanidine in the Treatment of 
Naturally Acquired Bovine Coccidiosis 


DONALD C. BOUGHTON, Ph.D., and LEONARD REID DAVIS, Ph.D. 
Auburn, Alabama 


PREVIOUS WORK has shown that sulfaguani- 
dine is effective against certain types of 
bovine coccidiosis produced by artificial in- 
oculation.':2 Two features of the work 
augured well for the successful use of the 
drug in the field, namely, (1) the amount 
of infective material fed experimentally was 
greater than would ordinarily be picked up 
at one time under natural conditions, and 
(2) the doses of drug given were probably 
not the largest which could have been tol- 
erated. 

The purpose of this paper is to report an 
experiment in which treatment with sul- 
faguanidine of bovine coccidiosis acquired 
in the natural manner was effective in re- 
ducing the severity of infection. 

MATERIALS AND METHODS 

The 12 calves used in the present work were 
Jerseys purchased in pairs from local dairy 
herds when the animals were 3 to 7 days 
old. The 2 members of a pair were simi- 
lar in age, weight, sex, and early exposure to 
calfhood infections. All calves received routine 
care and feeding. Daily observations on the 
animals and differential and total odcyst 
counts were made as described in the previous 
paper.’ 

In order to simulate natural conditions of 
exposure, the experimental calves were kept in 
a barn and lot along with a group of 10 older 
cattle, some of which were known to have had 
mixed coccidial infections while in the barn 
and lot. For several weeks prior to the intro- 
duction of the first pair of experimental calves, 
the feces from the older animals had been per- 
mitted to accumulate on the pine straw bedding 
in the barn and in the lot. During the course 
of the experiment, the bedding was removed 
from the barn and scattered on the lot at 
intervals of four to six weeks. Contact with 
the contaminated bedding on the 300 square 


From the United States Regional Animal Re- 
search Laboratory. 

1Boughton, Donald C.: The Effects of Sulfaguani- 
dine on Experimental Bovine Coccidiosis. Abtract 
in J. Parasitol, 27, (1941): 16-17. 

*Ibid.: Sulfaguanidine Therapy in Experimental 
Bovine Coccidiosis. Am. J. Vet. Research, 4 
(1943): 66-72. 


feet of floor space was enhanced by crowding 
the animals into the barn at night. 

Each pair was observed for at least twelve 
weeks. The first pair of calves was placed in 
the contaminated barn and lot on Dec. 22, 1941. 


The succeeding 5 pairs were introduced one, 
two, three, six, and seven weeks later, re- 
spectively. 

The odd-numbered calf of each pair was given 
30 Gm. of sulfaguanidine at two-week intervals 
throughout the experiment. Treatment was be- 
gun at the end of two weeks exposure on 4 
calves (223, 233, 235, and 237) and at the be- 
ginning of the first week on 2 calves (243 and 
247). The first treated calf (223) received a 
total of 180 Gm. of sulfaguanidine; the other 
treated calves each received a total of 150 Gm. 
The drug was given in 5-Gm. doses, which were 
suspended in water and fed by nipple. Doses 
were administered just before the morning and 
evening feedings on three successive days. The 
even-numbered calves received no drug. 


RESULTS 


The general results of the experiment 
are tabulated for individual animals in ta- 
ble 1; the frequency of diarrhea and oécyst 
discharge are presented for treated and un- 
treated groups in table 2. From the data 
presented in the tables, the results may be 
itemized as follows: 

1) Mortality.—In the treated group 
there were 2 deaths, both due to pneu- 
monia. Odcyst discharge prior to death 
was meager and postmortem examination 
revealed no coccidial infection of signifi- 
“ance. In the untreated group there were 
4 deaths, 2 due directly to coccidiosis 
and 2 due probably to pneumonia. In the 
latter cases, death occurred immediately 
after a period of moderate oécyst discharge, 
but extensive coccidial infection was no! 
present at the time of postmortem examina- 
tion. 

2) Diarrhea.—There was no marked dif- 
ference between treated and untreated ani 
mals in regard to the prevalence of blood) 
and nonbloody diarrhea. 
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3) Growth.—Weight gains, which were 
below normal in both groups, were a little 
hirher in the treated group. The sum of 
the individual weights which 5 treated 
calves had attained at the time the first 
death occurred in the respective pairs was 
24 per cent greater than that of their 
weights at the beginning of the experiment. 
The corresponding figure for the 5 un- 
treated mates was 19 per cent. 

1) Odcyst discharge.—Although all the 
calves discharged odcysts, the total output 
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and 237) which was introduced into the con- 
taminated barn and lot midway in the ex- 
periment. The infections in this pair are 
more or less typical for the experiment as a 
whole and will serve to illustrate the follow- 
ing points, which are actually drawn from 
the records of all 6 pairs. 

1) Odcyst discharge occurred in succes- 
sive waves or peaks, in which 1 species of 
coccidia dominated the others. 

2) The 3 species involved to the great- 
est extent in the present work appeared in 


TABLE |!.—Data on Individual Treated and Untreated Calves. 


EXPOSURE BEGUN 


AGE 
(DAYS) 


OODY DIARRHEA 


= 


HEAVY OOCYST 


DISCHARGE 
OBSERVED (DAYS) 


OBSERVED (DAYS) 


B 


DATE 


CALF WEIGHT 
(POUNDS) 


POSTMORTEM FINDINGS 


AFTER BEGINNING 
EXPOSURE) 
PNEUMONIA 
ONLY PARTIAI 
INVOLVEMENT 

OF LUNGS 


DEATH (DAYS 
MARKED 


BEGIN NING 
12 WEEKS 
COCCIDIOSIS 
COCCIDIA 
PRESENT 


AT FIRST 
DEATH IN 
ONLY FEW 


Treated 


12/22/41 
1/5/42 
1/12/42 
1/19/42 


Untreated 
55 
67 
64 
47 
45 
59 
337 


12/22/41 
1/5/42 
1/12/42 
1/19/42 
2/9/42 
2/16/42 


bo 


*Death was preceded by a moderate oécyst discharge. 


was considerably greater in the untreated 
than in the treated animals. This is borne 
out by the following observations: Nega- 
tive flotations and low oécyst counts were 
ecorded more often, and high oécyst counts 
ere recorded less often in the treated than 
n the untreated calves. 

An examination of the daily total esti- 
iates and differential counts for individual 
ilves reveals certain points of interest con- 
erning the course of naturally acquired 
occidial infections and their reaction to 
ulfaguanidine treatment. Fig. 1 presents 
he daily records for 1 pair of calves (238 


the following chronological order: Eimeria 
ellipsoidalis, Eimeria bovis, and Eimeria 
zurnii. This was the case for all 6 un- 
treated and for 3 treated calves. 

3) Discharges of large numbers of E£. 
zurnii odcyts always were accompanied by 
bloody diarrhea. 

4) Two distinct discharges of a given 
species by 1 calf occurred in several in- 
stances. 

5) In general, the initial and subsequent 
discharges, respectively, of the different 
species of coccidia by a given calf occurred 
at times corresponding more closely with 
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CALI 
1 No 
. AND 
SEX No. | a 
: 223 ¢ 1 17 1 0 40 65 74 SS P| 
d 233 of 2 7 0 3 67 75 150 — 
935 2 3 6 1 4 72 75 102 
: 237 ¢ 4 12 6 7 67 80 90 — 
j 243 5 2/9/42 11 0 3 51 90 — 
, 247 2 6 2/16/42 7 4 1 57 80 46 - + + 
224 1 1 3 4 70 45 + + 
232 2 2 4 6 — 30 + + 
3 236 3 6 6 65 31 + + 
‘ 238 of 4 1 0 21 78 - 71 + + 
244 5 1 2 8 * 90 
iS 6 1 22 70 #100 
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similar discharges of the mate than with 
those of members of other pairs. 

6) Corresponding oécyst discharges were 
commonly more extensive in the untreated 
than in the treated member of the pair. 

7) The time of o6cyst discharge in 
treated calves had a definite relationship 
to the time of treatment. Fourteen of the 


| AGE WHEN 
INTRODUCED: be: 
TWO WEEKS 


8 
DISCHARGE 
= 
5 


10-0 


WEEKS IN PEN 


diarrhea during the course of the experi- 
ment; 6 of the 12 calves died. 

Such extreme conditions provided a severe 
test for the curative value of sulfaguani- 
dine. The drug proved to be partially ef- 
fective against coccidiosis, as is shown by 
the fact that treated calves were affected 
less by this disease than were the untreated 


TREATMENT oo4 
+] 237 
/ | AGE WHEN 
er: (0 0 | TWO WEEKS 
L J Le 
T T T T T T 
Fig. |.—Daily Observations on Pair No. 4. 

Obcyst discharge is shown by the perpendicular bars: Dotted E. ellipsoidalis ; Shaded kK. 
bovis; Solid = E. zurnii; Open = All other species. Diarrhea is shown by the horizontal bars: 
Shaded Nonbloody ; Solid Bloody. Treatment is shown by the crosses: + 2 5-Gm. doses. 
Blank space No observation. D Death. 


15 distinct discharges recorded for all 
treated calves after treatment had been un- 
dertaken began during the latter portion of 
the intertreatment period. The single ex- 
ception was a heavy discharge of LE. ellip- 
soidalis odcysts by calf 233, which began 
immediately after the fourth treatment and 
continued for ten days. Odcyst discharge 
in the untreated calves had no such bi- 
weekly rhythm. 
DISCUSSION 

The highly unsanitary conditions created 
for purposes of the experiment would nat- 
urally favor poor growth, morbidity, and 
mortality. Infections other than those due 
to coccidia would be expected. As a mat- 
ter of fact, most of the calves grew poorly 
at the beginning and developed coughs and 


controls. On the other hand, sulfaguani- 
dine displayed no marked prophylactic 
value against diarrhea per se. 

The mixed infections with coccidia re- 
sulting from the exposure to the contami- 
nated barn and lot followed much the same 
course taken by similar infections which 
we have observed on dairy farms. The 
waves or peaks of odcyst discharge in nat- 
ural infections may extend over longer pe- 
riods than in infections produced by arti 
ficial inoculation, presumably because in the 
former exposure was more or less continu- 
ous, but in the latter it was limited to the 
brief inoculation period. The sequence of 
appearance of the species following a given 
exposure can probably be explained in part 
by differences in prepatent periods. The 
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latter may prove to depend to some extent 
upon “preferences” on the part of the sexual 
stages of the different species for particu- 
lar regions of the intestinal tract. The 
recurrence of a given species in the same 
host indicates that infection resulting from 
natural exposure in heavily contaminated 
quarters—such as are often found on the 
dairy farm—does not necessarily protect 
against subsequent infection with the same 
species. 


The two observations relative to the 
oécyst discharges of the treated calves, 
namely, (a) that they are less extensive 
than those of the untreated controls and 
(6) that they usually begin late in the in- 
tertreatment period, merit special attention. 
If treatment is assumed to be responsible 
for reducing odcyst output, consideration 
must be given to the time at which the ef- 
fect is produced. Treatment about ten or 
twelve days prior to the beginning of the 


TABLE 2.—Diarrhea and Odcyst Discharge in Treated and Untreated Groups of Calves. 


ALL 
DIARRHEA 


PERIOD OF 
EXPOSURE 
CON SIDERED 


No. oF 
CALVES 


GROUP OR 
SUBGROUP 


OBSERVED 
EXPOSURE 


RATIO, IN AVERAGE NUMBER OF DAYS, OF 

Low HIGH 
NEGATIVE oOCYST oOCYST 
FLOTATION COUNT COUNT 
OBSERVED OBSERVED OBSERVED 
EXPOSURE EXPOSURE EXPOSURE 


BLoopy 
DIARRHEA 
OBSERVED 
EXPOSURE 


First month 
First month 


9/24 
9/24 


All treated 6 
All untreated 6 
Untreated which 
died during 3 
second month 
Untreated which 
lived through 

second month 

All treated 

All untreated 

All treated 
Untreated which 
lived through 

second month 


First month 9/22 


First month 9/25 
7/22 
9/18 

16/46 


Second month 
Second month 
Both months 


Both months 17/42 


It is difficult to determine the relative 
importance of the individual species in the 
fatal infections observed in the present 
work. The same is often true of mixed in- 
fections encountered on dairy farms. J£. 
zurnii is the species which is frequently 
present at the death of the host, but other 
species have usually been present a short 
time before death. It is possible that in 
mixed infections certain species have a 
tendency to dominate or crowd out others. 
’n the other hand, certain combinations of 
species may be particularly injurious to the 
nost. In general, it is safe to say that large 
1umbers of those species which spend the 
ast portion of the endogenous phase in the 
arge intestine—especially E. zurnii and E. 
)} vis—are most likely to be responsible for 

ital infections, characterized by bloody 

arrhea. 


16/24 4/24 «4/24 
10/24 10/24 


1/24 


13/22 6/22 


7/25 14/25 
9/22 
0/18 

25/46 


6/22 
14/18 
10/46 


8/42 26/42 


oécyst discharge may have reduced the 
population of coccidia, or suppressed ac- 
tivity, to such an extent that a reduced 
oécyst output was the result. On the other 
hand, treatment given while an oécyst dis- 
charge was underway may have curtailed 
odcyst output by inhibiting the development 
of those odcysts which ordinarily would 
have been released during the latter part 
of the peak period. Either one, or a com- 
bination of both, of these effects could have 
produced the observed result. 

If treatment is assumed to be responsible 
for scheduling the discharges in such a 
way that they begin late in the intertreat- 
ment period, it is obvious that the effect 
must have been produced by the preceding 
rather than the succeeding treatment. Pre- 
vious work on experimental infections? has 
shown that sulfaguanidine given early in 
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1/42 


154 DONALD C. BOUGHTON AND LEONARD R. DAVIS 


the incubation period does not prevent 
oécyst production, while treatment late in 
the course of an infection may reduce 
oécyst discharge very greatly. This sug- 
gests that the biweekly treatment tested in 
the present work was effective against the 
coccidia which otherwise would have com- 
pleted the life cycle during the first half 
of the intertreatment period, but was not 
able to check, at least completely, those 
which were in the earlier generations at the 
time of treatment. As a result, odcysts ap- 
peared only during the second half of the 
intertreatment period. <A _ partial reduc- 
tion in the number of asexual forms which 
were passing through the early generations 
at the time of treatment would be reflected 
in a partial ‘reduction in odcyst discharge. 

The results of the present experiment, 
like those of the preceding study,? appear 
to confirm the effectiveness of sulfaguani- 
dine against certain types of bovine coc- 
cidiosis when the drug is permitted to act 
at the time asexual reproduction is well 
under way. The drug, in the doses tried to 
date, appears to be unable to eliminate all 
the coccidia of the early asexual genera- 
tions. Whenever a sufficiently large coc- 
cidial population remains upon discontinu- 
ance of treatment, the drug appears to fail. 
At the levels of infection attained in the 
present experiment by constant exposure 
to heavy contamination, the biweekly ad- 
ministration of sulfaguanidine checked but 
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did not completely control the infections, 
Presumably, treatment at shorter intervals 
would have brought about a sharper dif- 
ference between the infections of treated 
and untreated animals. 


SUMMARY AND CONCLUSIONS 


An experiment in which naturally ac- 
quired infections of bovine coccidiosis were 
treated with sulfaguanidine is reported. 
Six pairs of calves were subjected to un- 
sanitary conditions conducive to the devel- 
opment of severe infections. The drug was 
given to 1 calf of each pair at the rate of 
30 Gm. every other week, each treatment 
extending over a three-day period, until 
totals of 150 or 180 Gm. had been adminis- 
tered. 

The coccidial infections of the treated 
calves were less severe than those of the 
controls. Fewer oédcysts were discharged 
by the treated than by the untreated calves. 
No calf died of coccidiosis in the treated 
group; 2 untreated calves developed fatal 
coccidiosis. 

Treated and untreated groups differed 
very little in regard to the prevalence of 
diarrhea, or in growth. 

It is concluded that the results obtained 
under the severe conditions of the experi- 
ment demonstrate the effectiveness of sul- 
faguanidine in reducing the severity of 
bovine coccidiosis contracted in heavily con- 
taminated quarters. 
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Determination of the Number of Brucella Abortus Organisms 
Required to Infect Guinea Pigs and Cattle 
L. S. HUTCHINGS, B.S., D.V.M., M.S., and |, F. HUDDLESON, D.V.M., M.S., Ph.D. 


East Lansing, Michigan 


IN THE STUDY of an infectious disease, it 
is always imperative that one know the 
minimum number of the causative micro- 
organisms that is required to establish in- 
fection in the species of animal under study. 
Generally, it is recognized that immunity 
to bacterial invasion is a relative state and 
may be overwhelmed by exposure to large 
numbers of microérganisms. 


In view of the incompleteness of our 
knowledge pertaining to the minimum num- 
ber of Brucella abortus required to produce 
infection, this study constitutes an effort to 
obtain more accurate information on mini- 
mum infecting dose and changes in viru- 
lence under artificial cultivation and by re- 
peated guinea-pig passage. In addition, a 
less extensive effort has been made to de- 
termine a suitable infective dose of Br. 
abortus for pregnant heifers by way of the 
conjunctiva. 


EXPERIMENTAL PROCEDURES AND RESULTS 


Sources and Characteristics of Cultures.—a) 
B.A.I. Strain 19—aérobic, Br. abortus isolated 
from vaccine made by the U. S. Bureau of Ani- 
mal Industry. 

b) 1099T.—aérobic, Br. abortus isolated from 
the fistula of a horse in Minnesota in 1930. 
This culture grows slightly on thionin dye 
plates, 

¢) 1257—aérobic, Br. abortus isolated from 
milk of an infected cow in Michigan, Jan. 13, 
1939. 

d) 1280—Br. abortus isolated from milk of 
an infected cow in Michigan, Oct. 4, 1940. This 
culture requires an increased CO, tension for 

owth. 
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e) 1282—Br. abortus isolated from milk of 
an infected cow in Michigan, Dec. 12, 1940. This 
culture requires an increased CO, tension for 
growth. 

ft) 1284—Br. abortus isolated from milk of an 
infected cow in Michigan, June 29, 1941. This 
culture requires an increased CO, tension for 
growth. 

g) 1287—Br. abortus isolated from an 
aborted fetus in Michigan, Feb. 18, 1941. This 
culture requires an increased CO, tension for 
growth. 

h) 1677- 
blood, May 3, 


Brucella suis isolated from human 


1940. 


METHOD OF DETERMINING NUMBERS 
OF LIVE BRUCELLA 


Considerabie preliminary work was done 
to establish a method for determining the 
number of live organisms in a given sus- 
pension used in inoculating each group of 
guinea pigs. It was necessary to find a 
suitable suspending fluid, a method of 
standardizing the number of organisms in 
the suspension, and the proper dilutions of 
the standard suspensions. The following 
4 suspending fluids were studied: 

Nonbuffered physiological salt solution pH 

6.4; buffered physiological salt solution 

pH 6.8; 1 per cent tryptose, 0.5 per cent 

salt pH 6.9; 0.1 per cent tryptose, 0.5 per 

cent salt pH 6.9. 

The buffered salt solution was made by 
diluting a stock phosphate buffer of pH 
about 7.0, made according to the method of 
Clark and Lubs,' to 1:6 with physiological 
salt solution. 

The cultures used 
these 


were suspended in 
solutions and standardized by means 
of the Cenco photelometer, using the No. 2 
green filter, to a galvanometer reading of 


68.5. This density corresponds to tube 1 
of the McFarland nephelometer. All sus- 
pensions, except 1 per cent tryptose broth, 
were standardized to this density. The 1 


Clark, W. M., and Lubs, H. A.: Hydrogen Elec- 
trode Potentials of Phthalate, Phosphate and 
Borate Buffer Mixtures. J. Biol. Chem., 25 (1916), 

p. 479. 
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per cent tryptose broth had a definite yel- 
low color and gave a galvanometer reading 
of 94 on the photelometer, as compared with 
100 for the other suspending fluids. This 
necessitated a correction of 6 units on the 
galvanometer scale for this particular sus- 
pending fluid. 

The standardized suspensions were di- 
luted in their respective diluents to 
1: 1,000,000, 1:5,000,000, and 1: 50,000,- 
000. Different amounts of the final dilu- 


TABLE |.—Results of Standardizing Cultures 1287 and 
1284 on Cenco Photelometer Using 0.1 Per Cent 


Tryptose. 
CULTURE 1287 
1 CC. 0.5 cc. 0.5 cc. 
PLATE OF OF OF 
No. 1: 5M 1:5M 1: 50M 
1 202 
2 209 106 10 
3 224 103 15 
4 212 104 11 
CULTURE 1284 
loc. 
PLATE OF OF OF 
No 1: 5M 1:5M 1: 50M 
2 181 101 9 
3 197 83 10 
4 Cont.* 105 8 


*Plate was contaminated with mold. 


tions were placed in sterile Petri dishes in 
triplicate and tryptose agar poured over 
them. Incubation was carried out for five 
days at 37 C., under aérobic conditions and 
in an atmosphere of increase CO,, depend- 
ing on the culture used. Counts were made 
of all plates. 

The physiological salt solutions, either 
buffered or nonbuffered, exerted some bac- 
tericidal action on the organisms, resulting 
in irregular plate counts. The 1 per cent 
tryptose gave consistent plate counts but 
foamed upon agitation, which was unde- 
sirable. 

After numerous trials, it was found that 
suspensions made in 0.1 per cent tryptose 
broth, standardized to 68.5 on the Cenco 
photelometer and diluted to 1: 5,000,000 
and 1: 50,000,000, gave nearly repeatable 
plate counts. One ce. of 1: 5,000,000, 0.5 
ce. of 1:5,000,000, and 0.5 cc. of 1: 50,- 


__TABLE 2.—Injection of Brucella Abortus 1287. 
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n > 
a 
= CULTURAL 
> at FINDINGS 
2s 
Es 
Be se 88 
Zw £5 n = 3 
1 200 None 11:50 + 
2 200 Spleen x 1.5 1:200 + + 
3 200 Died 
4 107 None 11:200 + 
5 107 None + 
6 107 None 
7 10 None 
8 10 None 
9 10 None — 


*All titers indicated are complete unless preceded 
by an I, which indicates incomplete agglutination 
+ = Positive; — Negative. 


000,000 gave consistently uniform plate 
counts of about 200, 100, and 10 colonies, 
respectively. 

The results of suspending cultures 1287 


TABLE 3.—Injection of Brucella Abortus 1287b. 


= § CULTURAL 
FINDINGS 
Am Au mM < 
1 235 Spleen x 1.5 1:400 + 
2 235 None 
3 235 None 1:100 + 
4 108 None 11:25 + 
5 108 None 11:100 + 
6 108 None — 
7 10 Spleen x 1.5 
8 10 Spleen x 1.5 — — 
9 10 None — 


*All titers indicated are complete unless preceded 
by an I, which indicates incomplete agglutinatic: 
+ = Positive; — Negative. 


and 1284 in 0.1 per cent tryptose and stanc- 
ardizing the suspensions to 68.5 on the 
photelometer are set forth in table 1. Th 
suspensions were diluted to 1: 5,000,00' 
and 1:50,000,000 and plated in triplicat: 
as follows: 1 cc. of 1:5,000,000 dilutio: 
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TABLE 4.—Injection of Brucella Abortus 1287c. _ 


CULTURAL 
FINDINGS 


No. 


Pic 


post mortem* 


= 
= 
= 
= 
= 
RD 
© 

A 

_ 


Liver, spleen x3 
Liver, spleen x 4 
Died 


Injection of Brucella Abortus 1287d. 


| INJECTED 
LESIONS 


|SSERUM AGGLUTINATION 


\No. OF ORGANISMS 
tbo bo 


bo bo be 
bo bo be 


|AT 
| |\Liver 


| 


ts = (GUINEA 
+ + SPLEEN 


~ 
=> 


CULTURAL 
FINDINGS 


No. 


|ar post mortem* 


} 


SERUM AGGLUTINATION 


POSTMORTEM 


INJECTED 
LESIONS 


|No. of ORGANISMS 


INEA PIG 


Liver, lymph 
nodes, spleen x 6 I1: 00 + 
Lymph nodes, 
spleen x 3 : + 
Spleen x 1.5 : + + 


on | 


*All titers indicated are complete unless preceded 
by an I, which indicates incomplete agglutination. 

Positive ; — Negative. 
of the original suspension, 0.5 cc. of 
1:5,000,000 and 0.5 cc. of 1: 50,000,000 
dilution. This procedure gave plate counts 
of about 200, 100, and 10 colonies, respec- 
tively, and was used in the guinea-pig in- 
oculation experiments as standard proce- 
dure. 


IN VIVO VIRULENCE STUDIES 


Most of the experiments carried out to 
determine virulence and increased viru- 
lence due to animal passage have been made 
by using large numbers of viable Brucella 
organisms. It was considered desirable to 
use very small numbers of organisms in 
this study to determine definitely the viru- 
lence of a culture as well as any increase 
in virulence due to animal passage. By us- 
ing small numbers of organisms and grad- 
ing the size of the injections, it seemed 
probable that a minimum infecting dose 
could be established and enhancement of 
virulence by animal passage determined. 

Six passages were made through guinea 
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pigs with culture 1280, 5 with culture 1287, 
3 with culture 1284, and 1 with culture 
1099T,, and 1677. Strain 19 was used in 
8 different doses before infection could be 
established. 

TABLE 5.—Injection of Brucella Abortus 1280. 


CULTURAL 
FINDINGS 


POSTMORTEM 


| INJECTED 
| LESIONS 


| 
| 


tn |AT post mortem* 


<3] en wl co |GUINEA Pia No. 


| SERUM AGGLUTINATION 


|No. or ORGANISMS 


~ 


Liver, spleen x 3 
Spleen x 2 
9 Liver, spleen x 3 
9 Liver, spleen x 3 — — 


*All titers indicated are complete unless preceded 

by an I, which indicates incomplete agglutination. 
{Brucella from these guinea pigs grew aérobically 

and apparently represented cross infection, as 1280 

is an anaérobic abortus. 
“Enlarged spleens apparently 

lococcus, not to Brucella. 

+ = Positive; — Negative. 


due to a staphy- 


In all cases, each dose of organisms was 
injected subcutaneously into 3 guinea pigs 
of approximately the same size. The vari- 
ous groups of guinea pigs were placed in 

TABLE 6.—Injection of Brucella Abortus 1280c. 


CULTURAL 
FINDINGS 


OSTMORTEM 


No. or ORGANISMS 
ESIONS 


INJECTED 


P 
L 


Spleen x 1.5 : I 
None 
None 

None 
None 

Spleenx 1.5 
None 
None 


| SERUM AGGLUTINATION 
| post mortem* 


wre No. 


+ | +\+++/+ | +|SPLEEN 


| 


*All titers indicated are complete unless preceded 
by an I, which indicates incomplete agglutination 
+ Positive ; — Negative. 


157 
4 
o + 
89 None 11:50 + - 
' 89 None 11:50 + — 
™ 
| 
3 157 
_ 
1:50 + 
113 1:50 + 
113 1:50 — 
18 1:50 — 
18 1:50 — 
18 
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TABLE 7.—Injection of Brucella Abortus 1280e. 


7 & = CULTURAL 
Zz 
Se = <5 
1 105 Lymph nodes, spleen 
x1.5 1: 400 
2 105 Liver, lymph nodes, 
spleen x 3 1:400 
3 105 Liver, lymph nodes, 
spleen x 3 1:400 + — 
+ Positive; — Negative. 


separate cages isolated from all other 
groups. At the end of thirty days, each 
group was killed and autopsied. At autopsy, 
heart blood was collected for agglutination 
test, lesions were noted, and cultures were 
made of the spleen and liver on tryptose 
agar plates containing crystal violet in a 
1: 1,000,000 dilution. All plates were in- 
cubated for five days at 37 C. 

To identify the various passages of the 


TABLE 8.—Injection of U. S. Bureau of Animal Industry 


Strain 19. 
z* 
= CULTURAI 
< = FINDINGS 
4. 
Ss 62 > 
£82 tea Nn < 
1 9 None ‘cin aad 
2 9 None oe — -- 
3 9 None — — 
4 81 None — — — 
5 81 Spleen x 1.5 — — 
6 81 None — — — 
7 154 None —- 


8 154 None 
9 154 None 


11 500 None - 
12 500 None 


by an_I, which indicates incomplete agglutination. 
+ = Positive; — — Negative. 


cultures, the original passage was given the 
culture number, and the subsequent pas- 
sages were numbered with the culture num- 
ber followed by a, b, c, d, ete. The time 
elapsing between isolation of a culture and 
its subsequent reinjection into guinea pigs 
was seven days. 

Each passage of the various organisms 
is not represented by a table, for the pur- 
pose of conserving space, but those pas- 
sages which show a definite change in viru- 
lence are tabulated. 

The result of 5 passages of culture 1287 
through guinea pigs are shown in tables 2 


TABLE 9.—Injection of U. S. Bureau of Animal Industry 


Strain 19. 

CULTURAL 

> es 

Ba @ w 
1 5,000 None 11:50 — — 
2 5,000 None 11:25 — 
4 90,000 None 
5 90,000 None 
6 90,000 None | 
7 900,000 None 
8 900,000 None 


9 900,000 None —_—_ — —«— 


10 470,000,000 Liver, spleenx2  1:400 + + 
11 470,000,000 Liver, lymph nodes, 


spleen x 6 1:400 + + 
12 470,000,000 Liver, lymph nodes 
spleen x 6 1:400 + + 


*All titers indicated are complete unless preceded 
by an I, which indicates incomplete agglutination. 
Positive; — — Negative. 


to 4. It was noted that this culture pro- 
duced irregular infection as determined 
by cultural findings, agglutination response, 
and gross lesions. However, culture 1287) 
produced positive cultural findings in all 
doses, while cultures of 1287c¢ and 1287d 
produced a consistently high agglutination 
response and extensive lesions, as well as 
positive cultural findings. This indicated 
an enhancement of virulence for this cul- 
ture after 3 passages. 


| 
| | 
| 
| 
| 
| 
| 
4 
| 
| 10 500 None I 1:200 - 
| 
| | — 
| *All titers-indicated are complete unless preceded 
| 
| 
\ 
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The results of 6 passages of culture 1280 
hrough guinea pigs in various doses are 
et forth in tables 5 to 7. It can be seen 
that this culture gave a most feeble re- 
sponse in the first passage, but the fourth 
passage produced a more marked agglutina- 
tion response and positive cultural findings 
in all doses. The passages of 1280d and e 
were made in an attempt to produce more 
extensive lesions. It was noted that these 
last two passages did elicit more pro- 
nounced gross lesions, as well as positive 
agglutination and cultural response. 

Tables 8 and 9 show the results of prog- 
ressively increased doses of strain 19 in an 
attempt to produce infection in the guinea 
pig. It required a massive infective dose 
of 470,000,000 organisms to produce infec- 
tion with this culture. 

The injection of this culture was made 
to demonstrate the variation in virulence 
between strain 19 and the usual type of 
Br. abortus cultures isolated in the field. 

In tables 10 and 11 are tabulated the 
results of 3 passages of culture 1284 
through guinea pigs. It appears that the 
third passage showed an enhanced virulence 
as indicated by more extensive lesions and 
consistent positive cultural findings. 

The results of one passage of culture 


TABLE 10.—Injection with Brucella Abortus 1284. 


CULTURAL 
FINDINGS 


POSTMORTEM 

LESIONS 

post mortem* 
| 


wo | No. oF ORGANISMS 
|SERUM AGGLUTINATION 


© | INJECTED 


None 
Spleen x 2 
Liver, spleen x 2 


bo 
oo 


=/|GUINEA Pig No. 


Lymph nodes, 
spleen x 1.5 

None 

Spleen x 1.5 


Lymph nodes, 
spleen x 1.5 
10 Lymph nodes 


11:50 + 
10 None 


*All titers indicated are complete unless preceded 
by an I, which indicates incomplete agglutination. 
+ = Positive; — — Negative. 


1099T, through guinea pigs in various 
doses are tabulated in table 12. This cul- 
ture obviously was very virulent to begin 
with, so further passages were not made. 
This culture was maintained on artificial 
mediums since 1930. 

The results of one passage of culture 1677 
through guinea pigs in various doses are 


TABLE | 1.—Injection of Brucella Abortus 1284b. 


CULTURAL 
FINDINGS 


No. oF ORGANISMS 
INJECTED 

POSTMORTEM 

LESIONS 
| SeruM AGGLUTINATION 
AT post mortem* 
SPLEEN 

LIVER 


-100 


7100 
Liver, spleen x 3 :400 


Spleen x 1.5 :100 
None — 


Liver, spleen x 5 
Spleen x 2 
Spleen x 2 


bo bo 
ioe 


o 


Spleen x 1.5 
Spleen x 1.5 
Liver, spleen x 1.5 


= 
or 


| co =| GUINEA Pig No. 
+++i+/+ 


*All titers indicated are complete unless preceded 
by an I, which indicates incomplete agglutination 
+ = Positive; — — Negative. 


shown in table 13. This culture was the 
only Br. suis used and it was noted that 
it possessed a very high degree of virulence 
for guinea pigs. It produced the greatest 
agglutination response and most extensive 
gross lesions and positive cultural findings 
of all. 


EXPOSURE OF HEIFERS TO BR. ABORTUS 


Two groups of heifers were used in an 
effort to determine a satisfactory conjunc- 
tival infective dose of a virulent culture of 
Br. abortus for use in exposing pregnant 
heifers for other experimental purposes. 
By preliminary plating studies, it was found 
that 1 drop (from a pipette standardized to 
number 14 in a B. and S. wire gauge) of 
a 1/10 dilution of a suspension standard- 
ized to 50 on the Cenco photelometer con- 
tained 4,500,000 viable Brucella organisms. 
Group 1 was composed of 7 pregnant heif- 


| 159 
| 
9 
5 
100 + — 
1:400 + 
1:400 + - 
108 
1:100 + 
9 
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TABLE 12.—Injection of Brucella Abortus 1099T. 


< 
* 
= & CuLruran 
< a L < 
26 ne 4 
1 145 Spleen x2 1:400 + 
2 145 Lymph nodes, spleen 1:400 + — 
3 145 Spleen x 1.5 1:400 + 
4 81 Spleenx1.5 
5 81 Spleenx3 1:400 + — 
6 81 None 1:200 + — 
7 9 Lymph nodes, spleen 1:400 _— on 
x2 

8 9 None 1:400 + — 
9 9 Spleenx1.5 1:100 + — 


*All titers indicated are complete unless preceded 
by an I, which indicates incomplete agglutination. 
+ = Positive; — — Negative. 


ers and 1 nonpregnant heifer. Group 2 was 
composed of 6 pregnant heifers. Group 1 
received 3 drops of the described suspen- 
sion of a recently isolated culture of Br. 
abortus 1282. Group 2 received 1 drop of 
a like suspension of a recently isolated cul- 
ture of Br. abortus 1284. Both of these 
cultures were isolated from the same cow 
in the same herd, but at a different time. It 
was considered advisable to use a recently 
isolated culture from the same cow in order 
to avoid any decrease in virulence since the 
2 groups of heifers were not exposed at the 
same time. 

Rapid agglutination tests were made on 
both groups of heifers for several weeks 
prior to exposure. All heifers used failed 
to give a positive reaction in 1 : 25 dilution, 
with the exception of 883. Heifer 883 
apparently was exposed to infection to a 
mild degree previous to the conjunctival 
exposure as her agglutination reaction was 
positive in 1:100 dilution eighty-three 
days prior to exposure, but became nega- 
tive in all dilutions twenty-eight days be- 
fore exposure. 

After exposure, agglutination tests were 
made until the heifers aborted, calved nor- 
mally, or were sold. Agglutination tests 


were made on colostrum milk, and cultures 
were made of colostrum milk, fetal organs 
and fetal membranes. Guinea pigs were no! 
injected with milk or tissue extracts in al! 
cases since it was deemed unnecessary if 
positive cultures were obtained. 

The heifers were maintained in the same 
barn, separate from other cattle, and were 
allowed access to a separate pasture. The 
heifers were placed in box stalls at the time 
of parturition or abortion and held until 
sold or until discharges ceased. 

The results of inoculating the heifers in 
group 1 with 13,500,000 viable Br. abortus 
organisms by way of the conjunctival sac 
are shown in table 14. In this group, 6 of 
the heifers developed a serum agglutination 
titer of 1: 100 within forty-one days after 


TABLE 13.—Injection of Brucella Suis 1677. 


= 
Zz 
7 @ = § CULTURAL 
& = 3% FINpines 
a 
Bo 
S £a n= a 
1 190 Liver, lymph nodes, 
spleen x 8 1:400 + a 
2 190 Liver, lymph nodes, 
spleen x 5 1:400 + 
3 190 Died 
4 104 Liver, lymph nodes, 
spleen x 3 1:400 + 
5 104 Liver, lymph nodes, 
spleen x 12 1:400 + 
6 104 Liver, lymph nodes, 
spleen x 6 1:400 + 
7 13 Liver, lymph nodes, 
spleen x 5 1:400 + + 
8 13. Liver, lymph nodes, 
spleen x 3 1:400 + 
9 13. Liver, lymph nodes, 
spleen x 3 1:400 + a 
+ Positive ; — — Negative. 


exposure, while 2 required eighty-two days 
to develop an agglutination titer of 1 : 100. 
Three of the heifers in group 1 were sold 
prior to the termination of pregnancy to 
make room for further experimentation. 
However, all three of these animals devel- 


| 
i| 
| 
| 
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| 
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TABLE 14.—Exposure of Preqnant Heifers to Brucella Abortus. 


STAGE OF TERMINATION 


AGGLUTINATION TITER 


OF 


HEIFER PREGNANCY Days AFTER EXPOSURE 


27 «41 «#53 «68 «82 «99 «2114 «186 


NUMBER AT EXPOSURE 13 


PREGNANCY 


Group 1 


Aborted, 236 days 

Live calf, 268 days 
Aborted, 215 days 
Aborted, 170 days 

Not pregnant 

Sold prior to termination 
Sold prior to termination 
Sold prior to termination 


100 100 
100 


400 


889 
53075 
882 
856 
:406120 
537273 
879 
885 


400 


400 
200 
100 
100 


Group 2 


6 mo. 
5% mo. 
6 mo. 
5% mo. 
41% mo. 
4 mo. 


297 
479 
883 
851 
854 
570132 


oped a titer which is considered diagnostic 
for Br. abortus infection. Br. abortus was 
cultured from the colostrum and fetuses of 
all of the heifers which calved or aborted. 

The heifers in group 2 were inoculated 
with 4,627,500 viable Br. abortus organisms 
by way of the conjunctival sac. The re- 
sults are shown in table 14. The previously 
mentioned heifer 883 must have developed 
a high degree of immunity by natural ex- 
posure, as indicated by a lack of agglutina- 
tion response and a normal parturition. All 
other heifers in group 2 developed a 
serum agglutination titer of 1: 100 by the 
eleventh day after exposure. With the ex- 
ception of 883, all heifers in group 2 aborted 
and showed Br. abortus in the colostrum 
and fetuses. 


SUMMARY 


A suitable suspending or diluting fluid 
‘or making plate counts of Brucella was 
prepared from 0.1 per cent tryptose and 
.5 per cent sodium chloride in distilled 
vater. The pH after sterilization was 6.9. 

Standardization of bacterial suspensions 
yy means of the photelometer gave con- 
istent and reproducible plate counts. 

Guinea pigs were readily infected with 
Brucella abortus and Brucella suis in very 
small numbers. Ten organisms were suffi- 


Aborted, 237 days 
Aborted, 246 days 
Normal calving 

Aborted, 244 days 
Aborted, 207 days 
Aborted, 195 days 


100 
200 
200 


200 
200 


cient to produce infection in most of the 
guinea pigs. 

Continued passage of Br. abortus through 
guinea pigs resulted in an increase in viru- 
lence of all cultures for guinea pigs. 

B.A.I. strain 19 exhibited the lowest 
virulence of any culture of Br. abortus 
studied. 

Susceptible pregnant heifers were readily 
infected with approximately 5,000,000 
viable Br. abortus organisms deposited in 
the conjunctival sac. Smaller exposing 
doses were not tried. 
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6 mo. — 60 | 
f 7 mo. 25 50 || | 
5% mo. 100 400 400 
; 4 mo. 50 400 400 400 
z 50 400 400 400 400 
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3% mo. — — 
6 mo. —- — — 2% 
25 400 400 
50 25 400 
25 = 100 
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Vitamin A Deficiency Not the Cause of 
Joint Lesions in Horses 


GEORGE H. HART, V.M.D., M.D., HAROLD GOSS, Ph.D., 
and HAROLD R. GUILBERT, M.S. 


Davis, California 


IN 1941, Howell, Hart, and Ittner' of this 
station published the results of experiments 
in which 10 horses were allowed to succumb 
from lack of vitamin A after being on the 
deficient diets from 286 to 1,139 days. Ac- 
companying the vitamin symptoms in all 
cases was joint involvement, with lameness 
and with characteristic rarefying lesions in 
the joint cartilages. 

Despite this constant finding, we recog- 
nized that the rations might be deficient in 
some other known or unknown dietary es- 
sential. The data made it necessary to con- 
clude: “Positive evidence that the joint con- 
dition was due primarily to the vitamin A 
deficiency was not obtained, but the evi- 
dence pointed to the possibility.” Because 
of the importance of arthritis in animals 
and particularly in human beings, we began 
experiments with 4 additional horses in 
order to ascertain the relation of vitamin A 
to these joint lesions. 


FACILITIES, ANIMALS, AND RATIONS 


The same facilities were used as de- 
scribed in the previous work. Four animals 
were divided into 2 groups, as shown with 
other data in table 1. Horses 1 and 4, 
geldings, were castrated on Jan. 11, 1941, 
before the experiment started; we did not 
desire breeding and particularly pregnancy 
to interfere with the experiment. All 4 
animals were purebred Percherons. Three 
had been produced at the Station. The 
fourth, designated as number 1, was ob- 
tained from a nearby farm because the Sta- 
tion stud had available no animal of the 
desired sex and age. 

After the first two weeks, the ration used 
contained no roughage. During this pe- 
riod, some straw was used to overcome 


From the Division of Animal Husbandry, College 
of Agriculture, University of California. 


looseness of the bowels, which occurred in 
changing to the experimental rations. For 
both groups, the feed was identical, being 
taken from the same mix and bin through- 
out the experiment. 

In addition, the animals in group 1 re- 
ceived twice weekly 5 cc. of high-potency 
shark-liver oil. 

The original supply of pure shark-liver 
oil was labeled by the manufacturer as con- 
taining 100,000 I. U. (international units) 
per Gm. This product, diluted with equal 
parts of cottonseed oil, was kept in a brown 
8-oz. bottle in a dark wall closet at the barn. 
Each animal in group 1 received 5 cc. twice 
weekly. It was poured on the feed in the 
respective feed boxes. Thus, 20 cc. were 
used weekly, and the bottle was refilled 
from the ice-box supply about once in 
twelve weeks or oftener. On Aug. 29, 1941, 
when the bottle was half full and the con- 
tents had been exposed to the summer tem- 
perature for six weeks, a sample was tested. 
It contained 75,000 I. U. per Gm. A sample 
of the original oil was then tested and 
showed 150,000 I. U. per Gm. Thus, the 
manufacturer’s labeling was conservative, 
and no deterioration was occurring at the 
barn. On a basis of 60 I. U. per kg.—the 
minimum for significant storage, optimal 
dark adaptation, and reproduction, as re- 
ported by Guilbert, Howell, and Hart*— 
1,500-lb. horse would require about 45,000 
I. U. per day. The 2 animals in group |! 
each received over twice this amount. The 
ration was made up as follows: 


Dried molasses beet pulp 642]b. 53.5% 
Rolled ‘barley .......... 120 lb. 10.0% 
120 lb. 10.0% 
Linseed meal .........:. 120 lb. 10.0% 
Cottonseed meal ....... 60 lb. 5.0% 


To each batch of 1,200 lb. of this ration 
there was added, at the time of mixing, 19 


(162) 


| 

| 
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| 
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ib. of yeast: foam tablet powder prepared by 
the Northwestern Yeast Company and 90 
Gm. of Standard Brands, Inc., Fleisch- 
mann’s irradiated dry yeast type 7-F. 

The former was used for its vitamin B 
content, amounting to 280 I. U. of B, and 
560 Sherman Bourquin units of B, per oz. 
The irradiated yeast was used for its D 
content, amounting to 7,200 U. S. P. units 
per Gm. 


TABLE |.—Date of Birth, Start of Experiment, and Death of Experimental Horses, with Weight and Days Required 
to Produce Night Blindness 


as much salt as the low-A group and con- 
sequently took more water.) 

At each feeding, a handful of the mixed 
feed as fed was collected in a special con- 


tainer. From this, a composite sample was 


taken for chemical analysis at intervals of 
about two weeks, when each fresh batch of 
feed was being prepared. Thirty-three sam- 
ples were so collected and analyzed over the 
experimental period. The average analysis 


DATE STARTED 
ON EXPERI- 


ANIMAL No 
| DATE OF BIRTH 
MENT 

IN DAYS 


| Group No. 


| 
| 


4/ 7/39 
1/17/40 


1/20/39 
‘15/ /40 


640 
_ 365 


1 gelding 
2 filly 


2 3 filly 
4 gelding 


1/17/41 9727 


The horses received 16 to 22 lb. of the 
feed daily and thus had 3.8 to 5.25 oz. of 
the Northwestern yeast. This amount, in 
addition to that already in the feed and 
that possibly synthesized in the cecum, 
probably eliminated any deficiency of the 
B complex. The irradiated yeast supplied 
8,500 to 11,800 U. S. P. units of vitamin D. 
The animals also had plenty of sunshine, 
so that the intake of D was believed to be 
ample. 

Salt blocks were kept in the mangers of 
both groups. When the corrals became very 
muddy under the shed from urine and from 
wet, foggy weather, some _ well-bleached 
barley-straw bedding was used. This oc- 
curred in the latter part of the winter of 
1940-41, when the experiment was started, 
and again during the winter of 1941-42. 
Little straw was eaten because it quickly 
became saturated from being tramped in 
the mud. Straw was always placed in both 
pens at the same time, with less in the 
‘orral of the low-A horses of group 2, 
which was drier than the corral of group 1. 
The group 1 animals urinated excessively, 
perhaps because they consumed about twice 


Z Z 
= Aan Ang Ae 
1320 10/14 12 635 Never 
815 8/15/42 575 Never 
1470 Ly 2/42 654 6/ 3/42 502 
820 571 218 


8/11/42 8/23/42 


data on these samples showed that the feed 
as fed contained 0.99 per cent calcium and 
0.57 per cent phosphorus. The calcium- 
phosphorus ratio was thus 1.8 to 1. 


EXPERIMENTAL PROCEDURE 


The animals were started on the experi- 
ment Jan. 17, 1941, group 1 receiving the 
shark-liver oil, vitamin A supplement. 

Up to this time, all 4 of the animals had 
been receiving alfalfa pasture or alfalfa hay 
and thus had opportunity for ample storage 
of this essential. 

In March, Ascaris sp. were excreted in 
the feces of 1 horse, and fecal examination 
showed eggs of this parasite as well as 
those of Strongylus sp. All 4 horses were 
treated with carbon bisulfide on Mar. 12, 
1941, and no further trouble from this cause 
was observed. A few Ascaris sp. were 


found in the intestinal tract at the post- 
mortem examination of the low-A filly, 3. 
Early in the experiment, urine samples 
were taken for ascorbic acid determination. 
These were obtained only from the filly in 
each pen because females are easier to 
catheterize. 


The samples were collected in 


| 
A 
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flasks containing acetic acid. To prevent 
loss of contained ascorbic acid by oxidation 
we then added a little sodium bircarbonate, 
which by its effervescence displaced the air 
above the urine. The flasks were tightly 
corked. Separate samples were collected 
for determination of solids. The results 
appear in table 2. 

The amount of the ascorbic acid was in- 
terpreted in relation to total solids in the 
sample, since 24-hour collections of urine 
were not practicable. Such large varia- 
tions were encountered in urine ascorbic 


TABLE 2.—Ascorbic Acid Content of Urine Samples 


Horse 
DATE 2 (FILLY) 3 (FILLY) 
2/27/41 0.49 mg./Gm.* 0.27 mg./Gm.* 
7/22/41 0.05 mg./Gm.* 0.14 mg./Gm.* 
*Of solids. 
Note: Urine collected from normally fed horse 
2/27/41 contained 0.23 mg. per Gm. of solids. 


acid that we decided to determine blood 
plasma ascorbic acid since blood samples 
were to be collected regularly for vitamin 
A determination. Table 3 shows results 
of the analyses of the blood plasma samples. 


On two occasions between Sept. 16 and 
25, 1941, and again from Feb. 4 to 12, 1942, 
the shark-liver oil was fed to horses 
1 and 2 at the rate of 10 cc. daily to ascer- 
tain the effect on the blood levels of this 
substance. On both occasions, blood sam- 
ples were taken the day following the end 
of the daily feeding. A rise occurred in 
the blood levels of vitamin A, particularly 
in the sample taken at the end of the second 
period on Feb. 13, 1942. 


Oxalated blood samples were collected in 
flasks, protected from sunlight, and were 
taken immediately to the laboratory for 
testing. 

Analysis of Blood Plasma for Vitamin A 
and Ascorbic Acid.—Vitamin-A concentra- 
tion in the blood plasma was determined 
with an Evelyn photoelectric colorimeter, 
using the Carr-Price antimony trichloride 
reaction with filter No. 620. A 10-cc. sam- 
ple of plasma (20 cc. in low vitamin A 
plasma) was extracted with petroleum 
ether, B. P. 65-68 C., according to Moore’s*® 


method for extracting carotene. Th: 
petroleum ether extracts, having been co!- 
lected in a colorimeter tube, were carefully 
evaporated in a vacuum to remove the so! 
vent. The dry residue, taken up in 1 cx 
of dry chloroform, was treated in the colori- 
meter with 9 cc. of antimony trichloride 
solution in chloroform, as described by 
Dann and Evelyn.* Vitamin A, expressed 
in I. U., was calculated by multiplying the 
L reading by the factor 6.08. This factor 
was determined by standardizing the in- 
strument with U.S.P. reference cod liver 
oil of 3,000 I.U./Gm. Any values below 
15 I.U./100 ce. were considered to be traces 
only of vitamin A and are so reported. To 
convert the values in I. U. of vitamin A 
given in table 3 to micrograms per 100 cc. 
based on vitamin A alcohol, they may be 
multiplied by the factor 0.21. 

Ascorbic acid determinations on the 
plasma were made by Farmer and Abt’s*® 
method. A few determinations were car- 
ried out on urine samples according to 
Homes and Campbell." 

The blood of the group 1 animals re- 
mained reasonably constant in its vitamin 
A content. The other group showed some 
irregularity, most marked in number 3 (the 
filly). This was accounted for by the filly’s 
greater age and probable greater liver stor- 
age and by her uncanny ability to obtain 
temporary sources of vitamin A. At the 
beginning of the experiment, the 2 groups 
of animals were kept in adjoining corrals. 
The low-A group were in the second corra! 
because the first corral was to the outside 
and afforded the animals a greater oppor- 
tunity to be fed by occasional visitors who 
did not realize that an experiment was in 
progress. 

In November, 1941, cattle were placed in 
the third adjoining corral. A marked rise 
in vitamin A in the samples collected on 
November 14 was found. It was then ob- 
served that these animals could obtain feces 
of the cattle through the woven wire fence. 
The horses were then exchanged in the 
two corrals so that group 2 were on the 
outside, and a “No feed” sign was placed 
on the fence. 

The vitamin A levels of the blood of 3 
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(the filly) continued high. It was then ob- 
served that this filly was obtaining feces 
of the group 1 horses through the woven 
wire fence. Accordingly, on Mar. 14, 1942, 
group 1 was moved to a similar corral on 
the opposite side of the barn. In going to 
the scales and in being tested for night 
blindness, the filly had access to the run- 
way along the east side of the four corrals. 
Unless led by halter, she would consume 
feces of cattle dropped there while wait- 
ing to be weighed at monthly intervals. 
If these cattle came against the woven 
wire fence of her corral while waiting io 
be weighed, she would lick feces from 
the buttocks of any soiled animal within 
her reach. Some algae developed in the 
2-sq. ft. area of the watering trough ex- 
posed to the sun, and these were kept 
down by washing with copper sulfate. 
These sources of vitamin A partially ex- 
plain why the blood of number 3 continued 
relatively high in this substance from Nov. 
14, 1941, to Apr. 27, 1942. The younger 
animal, 4, was less efficient in grasping 
opportunities to obtain this ingredient, as 
is shown by the trend in his blood levels. 

Number 4 demonstrates the limitations 
of the blood content of vitamin A as an 
index of storage. This animal showed only 
a trace of vitamin A in his blood from 
January, 1942, until he died Aug. 1° 1942, 
a period of nine months. Thus some stor- 
age in the tissues must have existed when 
this low level was first reached. 

Blood Levels in Relation to Night Blind- 
ness.—In the tests for night blindness, the 
group 1 animals were normal, and their 
actions could be compared with those of 
the A-deficient group. 

Eight tests were made from July 17, 
1941, to Oct. 14, 1942. Horse 4 was defi- 
nitely night blind on the third test made 
Oct. 7, 1941. Both animals had improved 
by the fourth test made on Nov. 15, 1941, 
through the ingestion of steer feces al- 
ready explained. Except for this period of 
improvement, number 4 remained night 
blind until death occurred Aug. 11, 1942, 
after a period covering 308 days. 

Number 3, although more hesitant in 
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her actions than the control horses, was 
not definitely night blind until the seventh 
test on June 3, 1942, 502 days after she 
was placed on experiment. She continued 
night blind from this time through the 
eighth test, made Oct. 14, 1942, until she 
was killed Nov. 2, 1942, a period of 152 
days. 

Weight of Horses.—The weight of the 
horses was of some interest. Control horse 
1 gained steadily from 1,320 lb. at the 
start of the experiment to a high point 
of 1,820 lb. on July 7, 1942. On August 29, 
his weight had fallen back to 1,750 
pounds. About ten days before death, he 
broke open the gate of the corral in the 
night and gorged himself with weeds and 
some coarse alfalfa hay on the ground 
in a second enclosure. As a result, he went 
off feed; when killed he weighed 1,550 
lb. 

Number 2 made a continuous gain from 
800 to 1,420 lb. The other younger animal, 
4, weighed 810 lb. when the experiment 
started, and made equal gains with 2 until 
the weighing on Apr. 11, 1942, when he 
weighed 1,320 lb. as compared with 1,350 
for the control. From this time on, horse 
4 dropped to 1,100 pounds at the last 
weighing, July 29, 1942, thirteen days be- 
fore death from vitamin A deficiency oc- 
curred. 

Number 3 gained from 1,460 lb. to a high 
of 1,700 on May 27, 1942; on Nov. 2, 1942, 
av the time of slaughter, she weighed 
1,670 Ib. 

The data show how well horses can de- 
velop on a no-roughage diet, containing 
dried beet pulp, but it must also be remem- 
bered they were not doing any work. 

These weight data also show, as in the 
previously reported experiments, that low-A 
intake does not interfere with appetite and 
gains in weight until the deficiency is far 
advanced. 

Thus, it would appear that 3 (the filly), 
according to her weight record, would have 
lived several months longer on the low-A 
diet, which was not completely lacking in 
vitamin A. In the experiments previously 
reported, analysis of the same concentrate 
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TABLE 3.—Blood Plasma Examinations for Vitamin A and Ascorbic Acid 


——VITAMIN A I.U. PER 100 cc.-— 
DATE 2 3 4 
3/14/41 
3/28/41 64 48 59 41 
7/22 68 68 57 57 
8/29 59 51 34 21 
9/12 49 28 25 22 
9/26 52 69 22 25 
10/10 
11/14 78 72 55 25 
12/15 70 79 52 18 
1/ 3/42 60 72 45 15 
1/16 81 67 42 T* 
1/30 65 67 38 T 
2/13 135 146 32 T 
2/27 83 84 28 sy 
3/13 80 64 24 T 
3/27 78 74 25 i 
4/10 74 79 24 T 
4/27 80 92 23 fc 
5/8 84 72 18 “ 
5/22 71 67 15 i 
6/5 59 67 15 z 
6/19 63 89 16 T 
7/2 105 111 21 17 
7/20 57 lost 19 ‘ 
8/14 
9/16 63 18 
= Trace. 


mixture as fed to these horses showed it to 
contain 0.01 to 0.02 mg. of carotene per 
100 Gm. of feed. 

Symptoms.—At various times during the 
experiment, lameness was noted in both 
groups. When this was severe, a reason 
could be found. Thus, horse 1 in July, 
1941, had a penetrating nail in the right 
front foot. This occurred to 4 in January, 
1942. These accidents developed from rest- 
lessness of the horses, their tendency to 
chew at any available woodwork, exposing 
nails, and pawing at partitions and man- 
gers. 

In addition, the animals occasionally 
showed mild lameness, not readily explained 
at the time. Joint lesions were not sus- 
pected in both groups until post mortem, 
when their presence was recognized to have 
caused some of the lameness. 


HorsE No.————— 

SS ACID MG. PER 100 bray 
0.64 0.86 0.59 0.77 
0.53 0.53 
0.58 0.38 0.29 0.42 
0.33 0.24 0.48 0.33 
0.51 0.29 0.29 0.18 
0.46 0.33 0.24 0.32 
0.66 0.48 0.42 0.42 
0.50 0.44 0.37 0.49 
0.48 0.43 0.41 0.51 
0.56 0.51 0.36 0.41 
0.56 0.46 0.41 0.31 
0.49 0.46 0.34 0.31 
0.58 0.52 0.38 0.42 
0.56 0.49 0.42 0.42 
0.54 0.57 0.67 0.54 
0.67 0.54 0.54 0.54 
0.53 0.53 0.53 0.53 
0.75 0.63 0.55 0.63 
0.60 lost 0.48 0.48 
0.56 0.35 0.42 0.42 
0.56 0.49 0.49 0.56 
0.56 0.42 0.42 0.42 
0.49 0.49 0.42 0.42 
0.57 
0.56 0.65 
0.43 0.57 


The animals in group 2 showed stocking, 
particularly in the front legs from the 
knees down. Number 3 showed lameness 
on five or six occasions, including evidences 
of stiffness in all four legs. Number 1 
showed no definite lameness except from 
the nail wound, but moved on a trot with 
a somewhat stilted gait. 

In general, as in the previous work, the 
amount of the lameness compared with the 
extent of the joint lesions was very slight. 
It would probably have become more mani- 
fest had the animals been obliged to do 
normal work. 

Number 4 was the only animal to die 
naturally. He showed no respiratory symp- 
toms. There was nervousness, sweating, 
and capricious appetite. The eyelids were 
kept partially closed, and there was marked 
lacrymation. On June 3, 1942, an ophthal- 
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moscopic examination was made. The light 
from the instrument seemed to irritate the 
animal, and the eyelids were quickly closed. 
A few instantaneous views of the retina 
did not show it to vary from the more 
readily observed retinas of the other horses, 
particularly 1 and 2. 

In the summer of 1942, the corneas of 
horse 4 showed keratinization, manifested 
by irregular opaque streaking. This con- 
sisted of an infiltration within the layers; 
the surface was not affected. This horse 
finally manifested a dull, listless appear- 
ance, standing with eyelids closed. He was 
examined carefully August 10 (as we were 
leaving town), and from previous experi- 
ence we judged that he would live at least 
another week. On August 11, he ate 
nothing, his breathing was fast and deep, 
and his head nodded; a general picture of 
extreme weakness was recorded in the barn 
notes. He died during the night of 
August 11. 

The control horse, 2, was killed on August 
15; horse 1, on October 14; and 3 (the 
filly), on November 2. 

The latter filly, except for the nightblind- 
ness, was not showing the late symptoms 
of the deficiency. She was killed in order 
to permit studies of freshly fixed retina 
after horse 4 had died unexpectedly in the 
night. In addition, war pressure rendered 
it impracticable to continue her on the diet 
until a fatal termination. 

Postmortem Examination.—As table 3 
shows, the blood of the horses in group 1 
remained high in vitamin A throughout, 
whereas the blood of those of group 2 
showed only a trace at the time of death. 
At the autopsy, pieces of liver were saved 
in all 4 cases, and the vitamin A content 
determined. Horse 1 showed 1,173 I. U.., 
and number 2, 1,115 I. U. per Gm. of liver 
tissue, whereas none was detected in the 
liver tissue of either 3 or 4. 

The only macroscopic finding of note in 
the postmortem examination of these horses 
was the joint lesions. These were present 
to an almost equal extent in all 4 animals. 
They consisted of the same rarefying con- 
dition found in the animals reported in the 
previous work. 


In the humero-radial and _ tibio-tarsal 
joints, the pronounced ulceration of the 
cartilages duplicated upon opposing articu- 
lar surfaces was characteristic. This same 
alteration was present to a greater or lesser 
degree in all the major joints. 

In the 2 older animals, 1 and 3, started 
as 2-year-olds but approaching 4 years of 
age at the time of death, the lesions in the 
fetlock and knee joints were more marked 
than in the same joints in the 2 younger 
horses. No exostoses occurred on the bones 
of any of these horses, and no other abnor- 
malities of the bones developed as described 
in horse 1 of the previous experiment.' 


DISCUSSION 

This experiment was staged primarily to 
clear up the relation of vitamin A to the 
presence of the joint lesions. It proved con- 
clusively that vitamin A is not the causa- 
tive factor. It quite definitely demonstrated 
that low vitamin A intake carried to a fatal 
termination did not seriously affect the 
blood levels of vitamin C. 

The rations were so made up that the 
animals were protected from possible de- 
ficiency of vitamin D. Bacterial synthesis 
of the B factors undoubtedly occurs in the 
cecum, but there may be little digestion and 
absorption in this region and the lower 
bowel. Without definite data on the content 
of the various components in the ration and 
the requirements of the horse, too general 
statements cannot be made regarding the 
adequacy of the B complex. One horse in 
the previous experiments, not receiving 
yeast, showed a modified stringhalt condi- 
tion which is suggestive of the outstanding 
symptom in pigs on low pantothenic acid. 
Since the calcium-phosphorus intake was 
ample, and since the ratio throughout the 
experimental period averaged 1.8 to 1, these 
important mineral elements could not be 
considered in any way connected with the 
causation of the lesions. The data show 
that horses not working will do well with- 
out any roughage in their rations if dried 
beet pulp is substituted. The hypothesis 
that the joint lesions are of nutritional 
origin is justified. 

Straw in the diet will not prevent le- 
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sions; the first 2 horses to die in the pre- 
vious work! received straw, but showed the 
lesions. 

Discussion of other known substances, 
such as the cartilage factor, the green-grass 
factor, and possible yet undetermined fac- 
tors, is of little point without supporting 
data. The substances lacking in this con- 
centrate diet that resulted in the joint 
changes, if they are of dietary origin, 
would probably be supplied by green grass 
or good quality leafy hay. To substantiate 
this hypothesis, additional experimentation 
would be necessary. It would also be de- 
sirable to know how soon dietary limita- 
tions could produce these changes, and 
whether, when well established, they could 
be cured by improved dietary regimen. We 
doubt that complete regeneration ever oc- 
curs once the degenerative process has be- 
come definitely established. Hence their 
presence, post mortem, would be no definite 
criterion as to when they had developed in 
the life span of the particular animal. 

As this paper was about to go to press, 
our attention was called to the elaborate 
work of Bennett, Waine, and Bauer’ on 
changes in the knee joint at various ages 
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in man. They agree with a long list of mod- 
ern investigators who believe that the 
initial anatomically demonstrable lesion in 
man is a degenerative process in the super- 
ficial layer of articular cartilage. The find- 
ing of lesions in markedly different stages 
of development in the affected horses com- 
ing to postmortem examination in our work 
presented ample evidence that this is also 
the case in the horse. 
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Brucellosis in Swine 


I. The Interpretation of Low Titer Reactions in Experimental 


and Field Infections 
HUGH S. CAMERON, D.V.M., M.S., Ph.D. 


Davis, California 


IT HAS BEEN amply demonstrated that Bru- 
cella suis can cause abortion or sterility in 
swine. The etiological agent was first iso- 
lated by Traum' in 1914 and his finding 
has been confirmed by Good and Smith,’ 
Hadley and Beach,* Connaway, Durant, and 
Newman,‘ and others. In 1922, Hadley and 
Beach® and Cotton® reported on the patho- 
genicity of the swine strain for cattle, also 
on the cattle strain for swine. They con- 
sidered the swine strain to be moderately 
pathogenic for cattle, but the cattle strain 
innocuous for swine. Cotton® suggested that 
the organism causing abortion in swine 
might be an aberrant or virulent type of 
Brucella abortus. The strains are now recog- 
nized as different species, Br. suis and Br. 
abortus, and can be differentiated by agglu- 
tinin absorption, relative hydrogen sulfide 
metabolism, or the bacteriostatic effect of 
dyes. Huddleson® describes the methods in 
detail. 

Reports on the incidence and importance 
vary considerably. Blood samples collected 
from swine in abattoirs and tested for spe- 
cific Brucella agglutinins reveal an inci- 
dence of positive reactors varying from 0.6 
per cent to 14.7 per cent. Because blood 
titers tend to recede, as Johnson and Hud- 
dleson’ report, and because slaughter ani- 
mals usually come from a fattening lot, 
where there is less chance of infection, 
slaughter samples evidently are not a re- 
liable index to the amount of infection in 
a given area. 

On the other hand, the physical difficul- 
ties involved and the indifference of the 
producer, unless he is experiencing breed- 
ing difficulties, make area testing difficult 
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at present. Under those circumstances, spot 
testing of herds results in an exaggeration 
of the amount of infection in a region. A 
review of the literature indicates, never- 
theless, that brucellosis of swine is a major 
disease affecting reproduction, and, from an 
economic and public-health standpoint, pos- 
sibly may be comparable with the disease in 
cattle. 

In 1922, Hadley and Beach* found, 
through a questionnaire, that 24 per cent 
of 188 pure-bred herds had abortion. Con- 
naway, Durant, and Newman‘ ncted infec- 
tion in 26 out of 30 herds examined. Doyle 
and Spray,* studying data on 114 hogs 
from herds with a history of reproductive 
difficulties, reported that 62 per cent re- 
acted at a dilution of 1: 100. According 
to the history of 8 herds, brucellosis had 
been a source of serious loss. In certain 
Illinois® herds, 40 to 50 per cent of the bred 
sows aborted in initial outbreaks of the 
disease. A county survey by the farm bu- 
reau of the same state indicated that 4 per 
cent of the sows aborted at different stages 
of gestation. Johnson and Huddleson,’ in 
1931, studied 180 young and mature ani- 
mals in a herd in Michigan. Loss from ap- 
parent abortion was not great, although 
numerous pigs were still-born. At times, 
there was difficulty in conceiving. Twenty- 
five per cent showed a titer of at least 
1:25. The same workers in a serological 
examination of 15 herds involving 1,672 
hogs found 71.9 per cent of the animals 
negative at 1 : 25, 8.6 per cent showing a 
trace at 1 : 25, 7 per cent partial at 1 : 25, 
and 4.5 per cent positive at 1:25. His- 
tories were not available. Although no se- 
rious abortion was reported, there was dif- 
ficulty in conceiving. They concluded that 
brucellosis was not an abortion disease, but 
chiefly affected the lymphatic system. 
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Mcllnay,'’ reporting field observations in 
Nebraska, described several herds where 
the abortion rate was exceedingly high and 
where blood-testing revealed over 90 per 
cent infection in some herds. In one herd 
of 200 sows, 120 aborted. Of 15 blood- 
tested, all were positive. In another herd 
of 69 sows, 67 were positive. Considerable 
abortion took place that year. The follow- 
ing year there was comparatively little, but 
the gilts had difficulty in conceiving. 

The agglutination reaction is recognized 
as a reliable diagnostic procedure in Bru- 
cella infection in swine. Low titer reactions 
are not, however, easy to interpret: To 
date, the bacteriological evidence on their 
significance has been inconclusive. John- 
son, Huddleson, and Hamann!" could not 
correlate culture findings with high agglu- 
tination titers. At autopsy, Cameron, Greg- 
ory, and Hughes’? found Br. suis in pigs, 
negative to the agglutination test, that had 
been artificially infected orally up to two 
months before slaughter. They were unable 
to isolate the organism in negative animals 
infected more than two months before 
autopsy. 

During field investigations on the inci- 
dence of infection, the statistical evidence 
collected threw some light upon the sig- 
nificance of low titer reactions. Since this 
phase is important in any control program 
based on the blood test, it will be discussed 
in this paper, along with data on the trend 
of low titer reactions in artificially infected 
pigs. 

The producers included in the survey were 
(1) those reporting breeding difficulties 
and willing to codperate in an investiga- 
tional program, and (2) those selected by 
county farm advisors because, though with- 
out breeding difficulties, they would permit 
blood testing of at least some of their pigs. 
Sometimes it was not possible to test the 
entire herd, but enough animals were ex- 
amined to provide a significant cross sec- 
tion. Pigs were restrained by a noose 
passed around the upper jaw and snubbed 
to a firm support. In older pigs, bleeding was 
from the ear; in young pigs weighing up 
to 50 lb., it was from the jugular vein, as 
described by Carle and Dewhirst.'* Agglu- 


tination testing of the blood was performed 
with the tube technique in serum dilutions 
of 1: 25, 1:50, 1 : 100, and 1 : 200. 

Table 1 summarizes the results. There 
were 21 herds, a total of 983 animals. 
Eleven herds involving 483 head, of which 
226 were tested, had no history of breeding 
difficulties and, except for 4 animals re- 
cently added to 1 herd, proved negative in 
all dilutions. Ten herds involving 500 ani- 
mals, of which 327 were tested, had expe- 
rienced breeding difficulties. Among these, 


TABLE |.—Agglutination Reactions in || Herds with 
No Breeding Difficulties and in 10 Herds Reporting 
Breeding Difficulties 


—B.oop TITERS 


NUMBER us 
IN HERD NEGA- 
HERD TESTED Tives 


41 
50 


750 


HisTory 


4 0 0 1* 3* Negative 
1 0 0 0 0 Negative 
4 0 0 0 0 Negative 
0 
7 


0 0 0 0 Negative 


~ 


0 0 0 0 Negative 
0 0 0 0 Negative 
0 0 0 0 Negative 
Negative 
16 0 0 0 0 Negative 
12 0 0 0 0 Negative 

8 0 0 0 0 Negative 
22 0 0 0 0 Negative 


toto 


= 
on 
— 


be 


se 
x 


as 


2a.. 16 
Total 483 2% 


to 
=> 
bo 
bo 


37 Positive 
6 Positive 

11 Positive 
7 Positive 

6 Positive 

7 Positive 

0 Positive 

5 Positive 

4 

1 


_ 
a 


HON 
te 


Positive 
Positive 
Positive 


= 


to 


60 
Total 500 


j 


*Recent additions. 


131 reacted at 1 : 200, 21 at 1 :100, 36 at 
1:50, and 27 at 1:25, while 112 were 
negative. In the infected group, the num- 
ber of reactors in the lower dilutions is 
considerably smaller than in the 1 : 200 
dilution or in the negative group. In addi- 
tion to the survey of herds, 879 samples of 
blood were obtained from pigs at slaughter. 
These were random samples obtained irre- 
spective of type of swine. Of them, 86 per 
cent were negative, 2.3 per cent reacted at 
1 : 25, 2.8 per cent at 1 : 50, 2.2 per cent at 
1: 100, and 6.7 per cent at 1 : 200. 
Evidence that low titer reactions do not 
remain constant was obtained in a group of 
86 pigs artificially infected at approximate- 
ly 3 months of age with virulent Br. suis. 
Fifty-one were given 2 cc. of a suspension 
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intraperitoneally; the other 35 received 5 
ce. of a similar suspension orally. These 
pigs were inoculated so that the duration 
of the agglutination titers might be inves- 
tigated for their particular age. They were 
infected on September 4 and were blood- 
tested in serum dilutions of 1 : 25, 1 : 50, 
1: 100, and 1 : 200 on September 23, Octo- 
ber 5, October 22, and November 16. In 
this study, a blood titer of less than 1 : 200 
was considered low. Fifty-nine pigs showed 
a low titer reaction on at least one of the 
first three tests. By the fourth test, ten 
weeks after being infected, 25 of these re- 
acted at the 1 : 200 dilution. Twenty-eight 
were negative in all dilutions, and only 6 
remained in the low titer status. There was 
no significant difference between the trend 
of the group infected intraperitoneally and 
the trend of the group infected orally. 


DISCUSSION 


During the survey, the clinical effects in 
the various herds could not be critically 
evaluated. In most of the herds, the type 
of husbandry was such that abortion was 


not observed. Bred pigs were usually main- 


tained in one enclosure, and aborting 
fetuses and membranes ingested soon after 
expulsion. This fact undoubtedly explains 
the reported failures of conception, espe- 
cially among gilts in infected herds. Judg- 
ing from the information obtained from 
infected herds, the number of inquiries con- 
cerning reproductive disturbances, and the 
apparent susceptibility of swine to the or- 
ganism as judged by the agglutination re- 
action, the disease has a major bearing 
upon pork production in this area. 

In such a survey, relying on a single 
agglutination reaction, there arises the 
question of interpreting the reaction in a 
low dilution. In the comparable disease in 
cattle, the subject is controversial, and the 
liberality of interpretation is _ varied. 
Whereas, in certain areas a reaction at 
1 : 25 is considered definite evidence of in- 
fection, in others 1:50 is not considered 
significant. The same difficulty prevails 
with swine. 


In this report, the complete absence of 
agglutination in all dilutions in the group 


with negative histories strongly suggests 
that a reaction in the 1 : 25 dilution is spe- 
cific and should be regarded as evidence of 
exposure to Brucella. This finding confirms 
the statement of Johnson and Huddleson‘ 
that an incomplete reaction at 1 : 25 indi- 
cates exposure. 

Clearly, according to the work on the 
constancy of low titer reactions after ex- 
perimental infection, the large majority be- 
comes either negative in all dilutions or 
positive at 1: 200, and relatively few re- 
main at a low titer ten weeks after infec- 
tion. Of those attaining a definite status, 
about 50 per cent become negative. Evi- 
dently, therefore, although a low titer def- 
initely indicates contact with Br. suis, it 
does not indicate that the animal will be- 
come a spreader. Such an animal, if re- 
moved from the source of infection, has an 
equal chance of reverting to negative in all 
dilutions. The agglutinin response to re- 
infection in such animals is being studied 
and will be reported in the succeeding 
paper. 

One sees the significance of this fact 
when eliminating the infection from a herd 
by blood test and segregation or slaughter. 
The raising of gilts apart from the source 
of infection (the reacting pregnant sow) 
after weaning and the replacing of infected 
breeding stock with these gilts will afford 
an immediate method of eliminating infec- 
tion. Although some of these gilts will be 
reactors at weaning, the probability of re- 
covery is high. Since the replacement re- 
quirements are usually considerably lower 
than the supply of gilts, a selection based 
on type and blood test is available. All gilts 
should be blood-tested, and undesirable re- 
actors relegated to the fattening lot. Month- 
ly testing should be continued to breeding 
age, and only gilts negative in all dilutions 
used for replacement stock. In gilts, a con- 
siderably shorter period elapses between 
removal from the source of infection and 
breeding age than in dairy calves. Of the 
two species, therefore, a greater percentage 
of gilts would probably react at breeding 
age. Judging from studies not yet com- 
pleted, such is the case. 

Infected sows should be disposed of as 
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soon as their litters are weaned unless it 
is desirable to retain their blood lines. In 
such cases, they must always be kept apart 
from the replacement gilts because, as these 
investigations show, the ultimate objective 
is a herd in which all animals are negative 
in all dilutions to the agglutination test. 


SUM MARY 


Data are presented on the agglutinin re- 
actions in 21 herds, 11 of which had no re- 
corded breeding difficulties and 10 of which 
had histories of abortion and sterility. Ac- 
cording to the survey, a reaction at 1 : 25 
is specific, indicating contact with Brucella, 
and the ultimate objective should be a herd 
in which all animals are negative in all 
dilutions. 

Most of the low-titer reactors following 
artificial infection became either completely 
negative or positive ten weeks after infec- 
tion, the numbers being approximately 
equal. Few remained at a low titer. 

Also presented is a method of eliminating 
infection from a herd by segregating gilts 
at weaning and blood-testing them monthly 
until breeding age. Gilts negative in all 
dilutions are used as replacement stock for 
infected herds. 
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Development of the Swine Thorn-Headed Worm, 
Macracanthorhynchus Hirudinaceus, in its Intermediate Host 


KENNETH C., KATES, Ph.D. 
Beltsville, Maryland 


THE THORN-HEADED worm of swine, Macra- 
canthorhynchus hirudinaceus, has _ been 
shown to utilize as intermediate hosts a 
number of species of beetle grubs, which 
occur in hoglots and pastures where they 
are eaten by swine. The life history of 
the thorn-headed worm was first ascer- 
tained by Schneider,' and its development 
in various intermediate hosts was thor- 
oughly studied by Kaiser? and later by 
Meyer.*-* These investigators were little 
concerned, however, with the relationship 
of laboratory and seasonal temperatures to 
its development in intermediate hosts. 
Furthermore, information obtained by these 
investigators concerning the morphology or 
development of this parasite is not readily 
available. Thus, it is difficult to apply their 
information to the problem of control in 
this country. 

In view of these facts, a study was made 
of its rate of development and morphology 
in grubs, pupae, and adults of Cotinus 
nitida, the green June beetle, and various 
species of Phyllophaga or May beetles, 
which are the most important of the insect 
intermediate hosts of the parasite in this 
country. In this paper, a brief description 
is given of the developmental stages found 
in the intermediate hosts, and information 
obtained concerning the effect of tempera- 
ture and other factors on the rate of de- 
velopment is summarized. 

In the description of the development of 

“the parasite in the intermediate host, the 
terms acanthor and acanthella, proposed by 
Van Cleave,® are used to designate the 2 
major stages of development. The term 
acanthor refers to the larval parasite after 

From the Zodélogical Division, Bureau of Animal 
Industry, U. S. Department of Agriculture Belts- 
ville Research Center. 

The writer is indebted to Drs. C. M. Packard, P. 
Luginbill, and T. R. Chamberland of the Bureau of 
Entomology and Plant Quarantine, U. S. Depart- 


ment of Agriculture, for a generous supply of 
Phyllophaga grubs. 


its emergence from the egg and as long as 
embryonic structures predominate. The 
term acanthella refers to the series of 
stages that develop from the acanthor in 
the intermediate host. The stage infective 
to swine is designated as the infective acan- 
thella. For ease of description, the writer 
has divided the acanthor stage into 2 sub- 
stages and acanthella into 6. Thus, it is 
possible to summarize briefly the changes 
that take place over a long developmental 
period in brief stages and likewise give the 
period of growth in days in each case. 


MATERIALS AND METHODS 


The various developmental stages of the 
thorn-headed worm were obtained from ex- 
perimentally infected final instar grubs (in- 
fected grubs often developed into pupae or 
adults before being dissected) of C. nitida, 
the green June beetle, and various species of 
May beetles of the genus Phyllophaga. Some 
of the grubs were infected by use of a tech- 
nique previously described (Kates'®), in which 
the insects were maintained at an average 
temperature of 75 F. Also, other grubs were 
infected during late spring and summer by 
exposing them to screened-in soil plots con- 
taminated with swine feces containing eggs of 
the thorn-headed worm. The developmental 
stages of the parasite were recovered by dis- 
section of the intermediate hosts at intervals 
varying from a few hours to three months 
after infection. All stages of development 
were studied in the living state and in fixed 
and stained material. Early acanthors in 
tissue of the midgut were fixed in Bouin’s 
fluid, sectioned, and stained with iron hema- 
toxylin and light green; all ofher stages were 
fixed whole and stained with acid carmine. 


OBSERVATIONS 


The more important information concern- 
ing the egg and the development of the 
thorn-headed worm in its intermediate host 
is briefly summarized in table 1. Sketches 
of the developmental stages of this parasite 
illustrating the principal structures are 
shown in plate 1. Photomicrographs show- 
ing the appearance of the various stages 


(173) 


| 
4 


is} 3 \) 
| 
> 4 
| 
9 
(174) 
| 


\PRIL 1943 


SWINE THORN-HEADED WORM 


175 


after fixation and staining are shown in 
plate 2. The following brief discussion will 
serve to point out and elaborate upon the 
more important facts contained in the table 
and present additional information on the 
structure and development of larval stages 
of the parasite. 

The Egg (shelled embryo).—Fully devel- 
oped eggs of the swine thorn-headed worm 

pl. 1, fig. 1; pl. 2, fig. 10) are 80 to 100, 
long by 46 to 654 wide, appearing brown 
in transmitted light and cream-colored or 
white in reflected light. The shell consists 
of 4 layers designated as Ll, L2, L3, and 
L4, respectively (pl. 1, fig. 1), which, ac- 
cording to Meyer,’ is their order of devel- 
opment during formation of the egg. The 
outer layer (L1) is thin and membranous; 
the adjoining layer (L3) is compact, gran- 
ular and much thicker than the others and 
is weakened by a deep groove, the raphe 
(R). The innermost layers (L2 and L4) 
are thin, transparent membranes, which 
swell in contact with water after being 
dried. 

The 4-layered shell contains a _ lancet- 
shaped larva which is 56 to 65,y long by 26 
to 27, wide, covered with numerous small 
spines (LS). and provided at the anterior 
end with a group of larval hooks (LH). 
The larva is infective to white grubs, the 
hooks and spines aiding in the penetration 
of the gut tissue. 

Acanthor Stages.—Two more or less dis- 
tinct stages in the development of the acan- 
thor can be found in the midgut tissue and 
body cavity of grubs shortly after infection. 

Stage I (pl. 1, fig. 2; pl. 2, fig. 11): 
Acanthors closely resembling those in the 
egg were recovered from the midgut of 
vrubs as early as one hour after grubs had 


been exposed to soil containing thorn- 
headed worm eggs. Motile acanthors of this 
stage, found either in the midgut tissues 
or in the body cavity, are larger than those 
within the egg shell; they measure 85 to 
135, in length by 27 to 36y in width. In- 
ternally, the acanthor consists of a rela- 
tively clear plasmodium containing numer- 
ous nuclei. A mass of small embryonic 
nuclei (EN), that appear faint and trans- 
parent in the living specimen but stain 
readily in fixed material as they consist of 
condensed chromatin material, is centrally 
located in the plasmodium. From the more 
compact portions of this mass of nuclei, the 
reproductive organs and certain other in- 
ternal structures arise as a result of nuclear 
division which progresses rapidly during 
development. Distributed around this cen- 
tral mass of condensed nuclei is a smaller 
number of larger nuclei (SN) that are 
faintly visible in living specimens and re- 
main constant in number during develop- 
ment. These are the subcuticular or skin 
nuclei, some of which together with por- 
tions of the surrounding plasmodial mate- 
rial later differentiate to form the lemnisci 
(club-shaped organs of uncertain function 
suspended from the base of the proboscis), 
while others become the permanent nuclei 
of the subcuticula or skin. 

Stage II (pl. 1, fig. 3; pl. 2, fig. 12): 
Acanthors in this stage of development 
were found attached to the outer surface 
of the midgut or, in some cases, free in the 
body cavity of grubs five to twenty days 
after experimental infection. This stage is 
transitional between the infective acanthor 
and the early acanthella. These acanthors 
are more or less oval in shape, nonmotile, 
and measure 135 to 170, long by 36 to 120, 


CAPTIONS FOR ILLUSTRATIONS ON OPPOSITE PAGE 


Plate |.—Figs. | to 9.—Sketches of the egg (shelled embryo) and the developmental stages of 

Macracanthorhynchus hirudinaceus in the intermediate host: |, egg; 2, stage | acanthor; 3, stage Il 

acanthor; 4, stage | acanthella; 5, stage || acanthella; 6, stage Ill acanthella; 7, stage IV acanthella; 

6, stage IIl acanthella; 7, stage IV acanthella; 8, stage V acanthella; 9, stage VI acanthella (infective 
acanthella.) 


A-infective acanthor; BSN-branched skin nuclei; 
(condensed nuclei); GM-gonad and muscle _ primordia; 
(lemniscus); L-1, 2, 3, 4,-four shell layers; Lg-ligament; LH-larval hooks; LN-lemniscus 
nuclei; LR-lemniscus nuclear ring; LS-larval spines; MB-muscle cell band; PA-proboscis 
primordium ; PM-proboscis musculature; PN-protonephridia (excretory organ); PR-proboscis 
nuclear ring; R-raphe; Re-receptaculum; Ro-rostellum ; RP-retracted proboscis; RS-radial skin 
fibers; S-skin (subcuticula) ; SS-scalloped shell; SN-skin or subcuticular nuclei; SP-sensor) 
papilla; T-testes; UA-urigenital primordium (except gonads); VE-vasa efferentia. 


C-cuticle; EN-embryonic nuclear mass 
Ge-ganglion; H-hooks; L-lemnisci 


| 

5 

| 

i 
A 


176 


KENNETH C. KATES 


Am. J. Ver. Res. 


TABLE |.—Summary of Information on the Egg and Developmental Stages of the Swine Thorn-headed Worm 
in the Intermediate Host.’ 


DEVELOP- 
MENTAL DIMENSIONS———— 
FIGURE PERIOD GREATEST 
STAGE NUMBERS (DAYS) LENGTH WIDTH REMARKS 
EGG 
mm. mm. 
Egg 
(shelled 1,10 0 0.08 to 0.01 0.046 to 0.065 Egg in swine feces. 
embryo) 
Acanthor Acanthor upon release from she!! 
inegg 1,10 0 0.056 to 0.065  0.026to 0.027 immediately elongates, shell breaks 
at raphe. 
ACANTHOR IN GRUB 
I 2 ii 1to10 0.085t00.135 0.027t00.036 Infective motile acanthor in mid- 
gut or body cavity. 
In midgut wall or body cavity; mo- 
II 3,12 5to20 0.135to0.170 0.036to0.12 tility lost; gradual loss of typical 
acanthor appearance. 
ACANTHELLA (all stages in body cavity of host) 
I 4,13 15to25 0.17t00.5 0.12to0.25 Typical acanthor form lost; larvai 
hooks retained in abnormal position. 
5,14 Elongation and differentiation of 
II 15,16 20to35 0.5 to 1 0.25 to 0.4 organs; sex differentiation; lemnis- 
17 cus nuclear ring appears. 
III 6 30 to 45 1to3 0.4 to 0.6 Further elongation and differentia- 
tion; hooks begin to form. 
Maximum length attained; external 
IV 7,18  40to 55 3 to 5 0.4 to 0.7 demarcation of proboscis; initial 
19, 20 formation of lemnisci. 
Increase in width; some reduction 
Vv 8,21 50to65 5 to 2.5 0.7 to 1.25 in length; growth of all organs; 
22 dorsal and ventral centering of skin 
nuclei. 
Infective acanthella; proboscis re- 
VI 9,23 60to 90 2.5 to 4 1.25 to 1.5 tracted; elongation and branching 
24, 25 of skin nuclei; integumentary vas- 


cular system initiated. 


1This table of the developmental stages of this parasite is based upon exposure of experimentally in- 
fected grubs to a mean temperature of 75 F., resulting in a variable maximum period of development of 
sixty to ninety days. A protective cyst wall begins to form early in development of the acanthella and 
eventually forms a protective cover about the infective acanthella. The cyst wall is not illustrated in the 
figures and photographs, and is not included in the given measurements of the acanthellas. Figure num- 
bers refer to drawings on plate 1 and photomicrographs on plate 2. 


wide. Internally, the organization of the 
condensed nuclei into organ primordia is 
initiated. This second stage acanthor still 
bears some resemblance to the first stage 
acanthor and the larval hooks (LH) are 
still present at the anterior end, but are 
nonfunctional. 

Acanthella Stages.—All the stages of de- 
velopment of the acanthella are found in 
the body cavity of grubs, pupae, or beetles. 
In the acanthella, the differentiation of the 
organ primordia into organs takes place. 


Although the development processes are 
continuous, this period has been divided 
into 6 stages to facilitate description. 
Stage I (pl. 1, fig. 4; pl. 2, fig. 13): 
Acanthellas in this stage of development 
are oval in shape, 170 to 500, long by 120 
to 250. wide, and are found in the body 
cavity of grubs fifteen to twenty-five days 
after experimental infection. Larval hooks 
(fig. 4, LH) are still present, but somewhat 
displaced from their original anterior ter- , 
minal position. The larger body size of this 
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tage is associated with the initiation of 
further development of various internal or- 
rans from primordia partially differen- 
tiated from the condensed nuclei. These 
nuclei undergo rapid multiplication during 
metamorphosis from the acanthor to the 
acanthella stage. For example, as shown 
in fig. 4, a number of anterior nuclei (PA) 
forms the primordium of the proboscis. Lo- 
cated directly posterior is another compact 
group of nuclei, the ganglion (Gg), from 
which the nervous system later develops. 
The posterior group of nuclei forms the 
primordium of the urogenital system (UA) 
except for the gonads. Between the uro- 
genital primordium and the ganglion are 
numerous nuclei, the primordia of the mus- 
cular system and gonads (GM). The skin 
nuclei increase somewhat in size, but, as 
mitoses do not occur in them, their number 
remains constant. 

Stage II (pl. 1, fig. 5; pl. 2, fig. 14, 15, 
16, 17): Acanthellas of this stage are 
found in grubs twenty to thirty-five days 
after experimental infection. At this stage, 
the acanthellas are shaped like blunt cylin- 
ders and are distinguished from those of 
the previous stage by a considerable in- 
crease in length and further structural dif- 
ferentiation. For example, 6 nuclei of the 
proboscis primordium (pl. 1, fig. 4, PA) be- 
come detached from the central mass and 
form a ring of nuclei anteriorly, the pro- 
boscis nuclear ring (pl. 1, fig. 5, PR). 
Twelve of the skin nuclei located near the 
anterior end of the stage I acanthella (pl. 
|, fig. 4, SN) become arranged in the form 
of a ring located somewhat posterior to the 
proboscis primordium; this is designated 
as the “lemniscus nuclear ring” and is the 
forerunner of the lemnisci (pl. 1, fig. 5, 
LR). The remaining skin nuclei are dis- 
tributed more or less evenly throughout 
that portion of the acanthella that later 
becomes the trunk or body. 


One of the most noticeable features of 
stage II is sex differentiation. Males are 
distinguished by the presence of 2 poster- 
iorly located ellipsoid testes (pl. 1, fig. 5, T; 
pl. 2, fig. 15, 17) attached to a newly formed 
ligament (Lg). Females are distinguished 
from males by the absence of well-defined 


gonads (pl. 1, fig. 6; pl. 2, fig. 14, 16). The 
primordia of the “eggballs” and eggs of 
adult females are present in this stage as 
isolated cells within the ligaments.* The 
ligament acts as the supporting structure 
for the reproductive organs of both sexes. 

Two bands of cells, the muscle cell bands 
(pl. 1, fig. 5, MB), derived from some of 
the condensed nuclei of earlier stages, are 
now present as the forerunner of the mus- 
cular system. The 2 muscle cell bands ter- 
minate anteriorly in the region of the lem- 
niscus nuclear ring (LR). In this stage, 
there is also a further differentiation and 
concentration of cells posteriorly in the re- 
gion of the urogenital primordium (pl. 1, 
fig. 5, UA), from which the copulatory ap- 
paratus is derived. The protonephridia (ex- 
cretory organs) (pl. 1, fig. 6, PN) begin 
to develop in this stage, but are difficult 
to study in whole preparations. Their com- 
plicated manner of development from skin 
elements is described in detail by Meyer® 
and need not be discussed here. 

Stage III (pl. 1, fig. 6): The develop- 
mental period from stage II to stage III is 
characterized by considerable increase in 
length and the initiation of growth of hooks 
(pl. 1, fig. 6, H). The stage III acanthella 
appears in grubs thirty to forty-five days 
after experimental infection.and measures 
from 1 to 3 mm. in length by 0.4 to 0.6 
mm. wide. Nerve fibers begin to develop 
from the ganglion (Gg) and one large group 
extends anteriorly and terminates in the 
sensory papilla (SP). The protonephridia 
(PN) appear as small branched growths 
adjacent to the urogenital primordium 
(UA). No marked changes appear in the 
skin nuclei, but the muscle cell bands and 
ligament are noticeably longer. 

Stage IV (pl. 1, fig. 7; pl. 2, fig. 18, 19, 
20): Acanthellas recovered from grubs 
forty to fifty-five days after experimental 
infection have the appearance of long, 
slightly curved, thin cylinders and are 3 to 
5 mm. long by 0.4 to 0.7 mm. wide. The 
hooks in this stage are now much longer 
than in stage III and have penetrated the 


*Developmental morphology of the female differs 
little from that of the male, except for the absence 
of definite gonads, so only one sketch of a female 
acanthella (pl. 1, fig. 6) was made. 
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skin. A constriction posterior to the hooks 
differentiates the proboscis from the trunk 
region. The most characteristic feature of 
this stage, however, is the initial formation 
of the lemnisci (pl. 1, fig. 7, L; pl. 2, fig. 
18, 19, 20). The lemnisci arise by the sepa- 
ration of the 12 nuclei of the lemniscus 
nuclear ring into 2 groups of 6 nuclei each 
and develop into 2 plasmodial projections 
which push down into the interior of the 
acanthella with some of the achromatic 
substance of the skin. 

Stage V (pl. 1, fig. 8; pl. 2, fig. 21, 22): 
Acanthellas recovered from grubs fifty to 
sixty-five days after experimental infection 
measured 2.5 to 5 mm. in length by 0.7 to 
1.25 mm. in width. The most noticeable 
features of stage V are the marked in- 
crease in thickness of the trunk, the center- 
ing of the remaining skin nuclei, and fur- 
ther elaboration of other organs (pl. 1, fig. 
8; pl. 2, fig. 21, 22). The increase in bulk 
of this stage is due to growth of the skin 
plasmodium, and increase in size of the in- 
ternal organs. The lemnisci become greatly 
elongated and extend almost to the pos- 
terior extremity (pl. 1, fig. 8, L). The skin 
nuclei (pl. 1, fig. 8, SN) are arranged in 
two approximately equal groups one on 
each side of the trunk. Progressive growth 
of other organs takes place without marked 
change in order or arrangement. 

Stage VI, Infective Acanthella (pl. 1, fig. 
9; pl. 2, fig. 28, 24, 25): Infective acan- 
thellas develop in experimentally infected 
grubs under optimum conditions in sixty 
to ninety days. These acanthellas measure 
from 2.5 to 4 mm. long by 1.25 to 1.5 mm. 
wide. The proboscis musculature is well 
developed and functional. There is an ap- 
parent decrease in body length, resulting 
from the retraction of the proboscis within 
its sheath (pl. 1, fig. 9, RP). 

The cuticle and subcuticula (skin proper) 


are greatly thickened, the latter being 
transversed by radial fibers (RS). The 
skin nuclei (BSN) are now greatly atten- 
uated and branched. They initiate the 
formation of anastomosing channels in the 
subcuticula, which in the adult parasite be- 
come the integumentary vascular system. 
According to Meyer,® attenuation of these 
nuclei continues for a time as the parasite 
develops in the definitive host and, accord- 
ing to Rauther,'! they may reach a length 
of 2.3 mm. or longer. According to Van 
Cleave,'? the skin nuclei of the swine thorn- 
headed worm do not fragment in later de- 
velopment as do similar nuclei in some 
other acanthocephalan species and, thus, 
are among the largest known nuclei. 

The infective acanthellas are essentially 
juvenile parasites possessing the structures 
and organ systems of adult worms. After 
entrance into the definitive host is achieved, 
further development is merely an elabora- 
tion of the organ systems already formed. 


DISCUSSION 


As all of the intermediate hosts of the 
swine thorn-headed worm are poikilother- 
mal (cold-blooded) invertebrates, mainly 
certain species of beetles, particularly their 
immature stages in the soil, it is natural 
that the most important factor influencing 
the development of this parasite in its in- 
termediate host is that of temperature. 
Under laboratory conditions, where a mean 
temperature of 75 F. was maintained, the 
time required for development of infective 
acanthellas varied from two to three 
months. In the case of exposure of infected 
grubs to normal summer temperatures in 
outdoor soil plots at Beltsville, Md., the 
minimum time required for development to 
the infective stage was about three months. 
The period of development under natural 
conditions will, of course, vary somewhat 


CAPTIONS FOR ILLUSTRATIONS ON OPPOSITE PAGE 


Plate 2.—Figs. 10 to 25.—Photomicrographs of successive stages in the development of Macracan- 
thorhynchus hirudinaceus: 10, eggs in various stages of development (x260); I1, stage | acanthor in 
gut tissue (x546); 12, stage Il acanthor in outer wall of gut (x546); 13, stage | acanthella (x70); 14, 


stage Il female acanthella (x23); 
and 15 (x44); 


15, stage Il male acanthella (x23); 
18, 19, 20, stage IV acanthellas (x30); 21, 22, stage V acanthellas (x30); 23, 24, 25, 


16 and 17, enlargements of 14 


stage VI infective acanthellas (x30). 
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in different climatic regions. Table 1 shows 
a minimum period of development of sixty 
days and a maximum of ninety days and 
emphasizes both variations in develop- 
mental time caused by (a) normal summer 
temperature fluctuations and (b) factors 
intrinsic in the intermediate host and the 
developing parasite. Any temperature high- 
er than 75 F. will accelerate development, 
and lower temperatures will inhibit devel- 
opment. When soil temperature falls to 40 
F., or lower, growth processes in both the 
grub and parasite practically cease. 

A considerable number of species of 
scarabaeid beetles have been reported in 
the literature as satisfactory intermediate 
hosts for the swine thorn-headed worm. Ap- 
parently, most species of beetle grubs which 
feed upon soil and dung can act as inter- 
mediate hosts, but it is likely that the 
natural hosts more commonly are habitual 
dung feeders. 

Balogh'® studied the quantitative distri- 
bution of larval stages of the thorn-headed 
worm in grubs obtained from permanent 
swine pastures in southern Europe, and the 
following percentages of beetle grubs were 
found infected: Polyphylla fulla, 36.6; Ano- 
mala vitis, 19.53; Epicometis hirta, 8.5; 
Melolontha, 18; Anisoplia segetum, 12.2; 
Amphimallon soltitialis, 7.59; Scarabaeus 
sacer, 0.46; Omphalus rugosicollis, 12.6. 

The populations of various species of 
white grubs in the United States and their 
life cycles have been thoroughly discussed 
by Luginbill,'* Ritcher,'® and others. Lugin- 
bill reported that the most abundant spe- 
cies of Phyllophaga grubs, which are de- 
structive to cereal and forage crops in the 
north central and northeastern United 
States, have three-year life cycles. Devel- 
opmental processes and activity of the grubs 
proceeded in the warmer months and ceased 
during the cold months. In warmer regions 
of the country, this cycle was considerably 
shortened. The period of activity of grubs 
in soil (only during which they can ingest 
eggs of the thorn-headed worm) began as 
the temperature of the soil increased in the 
spring. Eggs of beetles were deposited in 
soil during the summer months. Some de- 
velopment took place (the tempo depending 


upon temperature and species) during the 
balance of the summer and warm fall pe- 
riod. The grubs and pupae were found to 
hibernate deep in the soil during the win- 
ter and resumed their activity and devel- 
opment the next spring and summer. Cor- 
relating this entomological information on 
the intermediate hosts with information on 
the development of the thorn-headed worm, 
it is clear that developmental activity of 
the parasite larvae in grubs coincides with 
activity of the host grubs. When grubs be- 
come infected in the summer or fall, devel- 
opment and activity of both host and para- 
site will continue as long as soil conditions 
and temperature remain favorable and will 
practically cease over winter and resume 
the next spring. 
SUMMARY 


1. A brief account is given of the prin- 
cipal anatomical features in the develop- 
mental stages of Macracanthorhynchus 
hirudinaceus in its intermediate host. 

2. Developmental stages were obtained — 
by infecting final instar grubs of Cotinus 
nitida, the green June beetle, and grubs of 
several species of May beetles of the genus 
Phyllophaga, by feeding eggs of thorn- 
headed worm in soil. 

3. The normal period of development at 
mean temperatures of 75 F. varies from 
sixty to ninety days, while the minimum 
developmental period under natural soil 
conditions in summer at Beltsville, Md., is 
about three months. 

4. As a matter of descriptive con- 
venience, the acanthor of Van Cleave is 
divided into 2 stages and the acanthella 
into 6 stages. The approximate time of de- 
velopment of these 8 successive stages is 
given in relation to the developmental pe- 
riod of from sixty to ninety days. 

5. The 8 stages and main anatomical 
features of development are illustrated by 
drawings and photographs, and are also 
summarized in tabular form. This table 
may be employed to ascertain the approxi- 
mate time of development under similar 
laboratory or natural environmental condi- 
tions, if proper allowances are made for 
differences in mean temperatures in differ- 
ent climatic regions. 
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The Adequacy of Improved Stock Diets for 


Laboratory Animals 


CHARLES A. SLANETZ, Ph.D. 
New York City 


VARIOUS INVESTIGATORS have frequently 
raised the question whether stock diets 
ordinarily fed to laboratory animals ade- 
quately meet their nutritional require- 
ments. This question has become increas- 
ingly important since it has been shown 
that even a moderate deficiency or varia- 
tion in the ration may markedly affect the 
experimental results obtained with labora- 
tory animals. Deficiencies in stock diets 
may occur especially during war times 
when certain ingredients become scarce or 
unavailable, others inferior in quality, and 
the use of substitutes unavoidable. Obvi- 
ously, it is desirable to have at hand satis- 
factory means of determining the adequacy 
of a given diet. One of the aims of this 
paper is to suggest such means. 


Until recently, the criterion generally 
chosen to judge the value of a diet has 
been the rate of growth compared to an 
optimal rate for the animal in question, 
but the determination of the natural opti- 
mal growth for a species has often proved 
difficult or uncertain. In their study on 
growth in relation to diet, Zucker, Hall, 
Young, and Zucker (1941) have proposed 
a rat growth rate formula in which the 
logarithm of the weight and the reciprocal 
of time are used as coérdinates. Their 
formula applies from the four-week wean- 
ing period onward and usually reveals, if 
present, moderate as well as more pro- 
nounced deficiencies in a stock diet. Similar 
formulations for other animal species 
should prove helpful in determining the 
completeness of the particular stock diet 
on which they are raised and maintained. 
Growth rate alone, however, fails to reveal 
certain deficiencies produced by imbalances 
of, or inadequate amounts of several diet- 


This study was aided by funds from the Rock- 
land Farms Gift for Study of Animal Diets. 
From the Department of Animal Care, College 


of ig ey and Surgeons, Columbia University, 
New York City. 
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ary factors, including members of the vita- 
min B complex. 

Using purified diets, Unna (1940) deter- 
mined the pantothenic acid requirements 
of the rat; Sandza and Cerecedo (1941), 
the requirements of the mouse for panto- 
thenic acid; Jukes (1939), that of the 
chick; Wainio (1942), the thiamin re- 
quirement of the adult rat; Day and Darby 
(1938), the riboflavin requirement of the 
rat; Sure (1940), the approximate thia- 
min, riboflavin, and pyridoxine require- 
ments of the growing and lactating rat; 
and numerous other workers have indicated 
amounts of thiamin, riboflavin, pyridoxine, 
nicotinic acid, choline, alpha-tocopherol, 
and several other dietary factors which, if 
not optimal in the quantity recommended 
for their diets, at least supply the animal 
needs for fairly satisfactory growth. In 
contrast to the considerable volume of work 
published on purified diets, relatively little 
critical work has been reported on ordinary 
stock diets with reference to the require- 
ments of laboratory animals. Since many 
workers outside of the field of nutrition use 
animals raised and maintained on ordinary 
stock diets, it seemed important to deter- 
mine the completeness and uniformity of 
several widely used stock diets of natural 
fcods. Six stock diets designed especially 
for rats, mice, guinea pigs, and rabbits 
were studied over a period of three years. 
The vitamin A, thiamin, riboflavin, pyri- 
doxine, pantothenic acid, choline-equiva- 
lent, and alpha-tocopherol-equivalent con- 
tent of the diets was determined by the rat 
bio-assay method. Approximately 1,800 
rats were used. Weanling rats were also 
fed mixtures of purified diet and stock 
diets as a practical check on the adequacy 
of the latter. Concurrently, some of the 
vitamin B complex requirements of the 
mouse, rat, guinea pig, and rabbit were 
determined on purified diets. The protein, 
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fat, and mineral content of the stock diets 
is evaluated in the light of the known re- 
quirements of different animal species. 


Diets SELECTED FOR STUDY 


The 6 diets studied are typical for a 
number of stock rations which have origi- 
nated in several scientific institutions. The 
Zucker rat diet prepared in our laborato- 
ries and the Rockland rat diet obtained in 
pelleted form from commercial sources are 
described by Zucker et al. (1941). The 
mouse diet? investigated is the Zucker rat 
diet supplemented with an equal amount of 
poultry mash. Rabbit diet F prepared in 
our laboratories is the Friedman (1938) 
rabbit diet supplemented with bone meal. 
The Rockland rabbit ration? is essentially 
diet F in pelleted form. The rabbit ration 
with added salts (sodium chloride and 
potassium iodide) and ascorbic acid con- 
stitutes the guinea pig diet.® 


EXPERIMENTAL 


For the thiamin, riboflavin, pyridoxine, and 
pantothenic acid assays, female albino rats, 
Sherman strain, from our laboratory colony, 
24 to 26 days old, weighing 38 to 44 Gm., were 
kept in individual wire mesh cages. The diets 
used for the assays consisted of vitamin B 
complex-free basal mixture to which various 
B fractions dependent upon the assay were 
added. Food consumption was recorded dur- 
ing both the depletion and assay periods. The 
rats were weighed three times a week except 
for the last seven to ten days of the depletion 
period when daily weighings were made. Diet 
B, described in table 1, was used for the thia- 
min, riboflavin, and pyridoxine assays; diets 
B and C, table 1, were used for the panto- 
thenic acid determination, and diet D, for the 
choline-equivalent estimations. The sucrose in 
diet C was replaced with cerelose in some of 
our later work. Pantothenic acid (calcium 
pantothenate)‘ was given orally six times a 
week along with rice polish factor II (Labco). 
The other supplements were usually incorpo- 
rated in the basal diet. Groups of control rats 
were fed, orally, known amounts of the sev- 
eral B fractions depending on the assay. Fol- 
lowing depletion, a four-week feeding period 
was chosen for the thiamin, riboflavin, and 
pyridoxine assays, and a six-week period for 
pantothenic acid. The purified diets and mix- 


1Available commercially as Rockland mouse diet. 

*Available commercially as Rockland guinea pig 
ae commercially. 

et. 


‘Supplied by Merck & Co. 


tures of the basal diet and stock diets were 
freshly prepared each week and stored at 4 C. 
Rats fed mixtures containing 20 per cent or 
more of a stock diet were given 50 ug. of 
pantothenic acid daily instead of 100 ug., to 
make allowance for the natural pantothenic 
acid content of the test mixture. 

For the choline-equivalent determinations, 
male albino rats, Sherman strain, from our 
colony, 21 to 25 days old, were kept in individ- 


TABLE. |.—Composition of Basal Rations and 
Amounts of Supplements Used 


Com- 


RATIONS—— 
PONENTS D 


% 
Casein* . 
Casein 
No. 453. .. 
Albumin. . 
Glucose 
(cerelose) .. 
Starch 
(corn) . 56 
Sucrose . .. 
Yeast ... 10 
Salt mix- 


seed oill| 10 
Hydrogen- 
ated cot- 


SUPPLE- 


MENTS DaILy DosE 


Thiamin. .. 20 we. 20 wg. 
Riboflavin .. 50 we. 50 wg. 
Pyridoxine . 40 ue. 40 we. 


50-100 ug. 50-100 we. 


1 mg. 1 mg. 


chloride .. 10-15 mg. 
Rice pol- 
ish fac- 


tor IItf. 100 mg. 


*Labco vitamin-free ; }Osborne and Mendel; fVio- 
Bin; §Mazola; ||Wesson oil; **Crisco; ¢j}Labco. 


ttPositive control rats given daily doses of U.S.P. 
reference codliver oil during assay period equivalent 
to 1, 2, and 4 L.U. (international units) of vitamin A. 


ual wire mesh cages and fed diet D. After 
seven days on the diet, the rats were killed 
and percentages of kidney weight in relation 
to body weight were determined. Estimations 
of the amount of choline-equivalent substances 
were obtained by comparing kidney-body 
weight percentages of groups of rats fed diet 
D, supplemented with varying amounts of 
choline chloride, with those of rats on the 
same diet in which was incorporated 5, 10, 15, 


|_| 
% % Ne Te 
20 18 10 : 
“" 29.1 
3 
73 
ion 36.3 
68 40 
‘+ es 9 
re 4 4 4 3.6 
Calcium 
carbo- 
Cod liver 
1 2 5 2 
Wheat- 
germ .. 2 1 
Corn oil§. .. 5 
Cotton- 
tonseed 
50 wz. 
40 ue. 
Panto- 
thenic 
Nicotinic 
Choline 
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20, or 30 per cent of the several stock diets. 
Table 3 gives the results of one experiment. 


Diet A, table 1, plus 0.02 per cent of vios- 


terol was used for the vitamin A studies. For 


the assay, 30- to 34-day-old female albino rats, 
Sherman strain, from our colony, were kept 
in individual wire mesh cages. After a suit- 
able depletion period, two groups of 10 rats 
each were given 2 and 4 units of vitamin A 
(U.S.P. reference cod liver oil) daily, and 
other groups were fed varying amounts of 
stock diet once a week and then diet A ad 
libitum. Weight gains over a four-week ex- 
perimental period as outlined by Booher 
(1941) were used in estimating the amount 
of vitamin A present in the several stock 
diets. 

For determining the alpha-tocopherol-equiv- 
alent content of the stock diets, a modification 
of Mason’s (1942) procedure for the bio-assay 
of vitamin E was used. Weanling Sherman 
female rats were fed diet E until they reached 
a suitable weight for breeding. Following 
timed insemination, the depleted female rats 
were fed diet E supplemented with the 
amounts of alpha-tocopherol, or alpha-toco- 
pherol plus stock diet, or stock diet as indi- 
cated in table 4. On the sixteenth day of 
pregnancy, the rats were killed and their re- 
sponse was evaluated by determining the uter- 
ine index according to Mason’s (1942) formula. 

Our stock colony of rats has been main- 
tained for over eight vears on either the 
Zucker diet or the Rockland rat diet. It is 
apparently free from paratyphoid infection. 


THIAMIN 


The thiamin values obtained by the rat 
assay method for several lots of the rat 
and mouse stock diets fall approximately 
in the same range, 220 to 570 pg. in 100 
Gm. of diet; for the guinea pig and rabbit 
diets, 400 to 650 pg. in 100 Gm. of diet. 
Sure (1940) reports that 10 yg. of thiamin 
daily are sufficient for continuous and sat- 
isfactory growth in the rat. We find 12 to 
15 pg. of thiamin fed daily to young, ac- 
tively growing rats 50 to 120 Gm. in weight 
give maximum growth on our purified diet. 

Wainio (1942) places the daily thiamin 
requirement of adult male rats at 33 yg. 
The average amount of stock diet eaten 
daily by a young rat would furnish several 
times Sure’s (1940) reported requirement 
of thiamin. Sure also states that for lacta- 
tion the mother rat requires 30 y»g. daily 
and the young, age 17 to 20 days, 90 ng. 
daily for a litter of six. Since food con- 
sumption is doubled or trebled during lac- 


tation, adequate amounts of thiamin are 
supplied by the stock rat diets. Perla 
(1939) states that in the absence of suf- 
ficient manganese in the diet, excessive 
amounts of thiamin will result in progres- 
sive loss of fertility, loss of maternal in- 
stinct, cannabalism, and interference with 
lactation. The stock diets on which we 
report have amounts of manganese (4 mg. 
in 100 Gm. of diet) which correspond to 
those suggested by Sure (1941) as being 
satisfactory. 

To our knowledge, the optimal thiamin 
requirement of the mouse has not been de- 
termined. Sandza and Cerecedo (1940), 
Grauer (1941), and other workers incor- 
porate 5 mg. of thiamin chloride per kg. of 
purified diet. The daily intake on this 
basis is about 25 yg. of thiamin. This is 
several times the daily requirement accord- 
ing to our findings on synthetic diets. 

As in the case of the mouse, the thiamin 
needs of the guinea pig and rabbit have 
received little attention. Practical tests in 
our laboratory indicate that the diets stud- 
ied adequately meet the thiamin require- 
ments of these two animal species. The 
ascorbic acid value of the guinea pig diet 
is being investigated. 


\IBOFLAVIN 


The riboflavin values obtained for the 
mouse and rat diets range from 460 to 650 
pg. in 100 Gm. of diet; for the guinea pig 
and the rabbit diets, 400 to 800 yg. Sure 
(1940) gives 10 yng. of riboflavin as the 
daily requirement of the rat. Day and 
Darby (1938) report that 18 yg. daily 
supply the needs of the growing rat. We 
find that 12 to 15 ug. of riboflavin yield 
maximum growth in rapidly growing 
young rats. The lactating rat (Sure 1940) 
requires’ 30 yg. daily and the young, when 
18 to 21 days old, each need approximately 
10 wg. daily. On the basis of Sure’s find- 
ings, the amounts of stock diets generally 
eaten by the rat furnish adequate quanti- 
ties of riboflavin for both growth and lac- 
tation. 

The riboflavin requirement of the mouse 
has not been satisfactorily determined to 
date. Sandza and Cerecedo (1940), Grau- 
er (1941), and others incorporate amounts 
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f riboflavin in their purified diets which 
result in an average daily intake of 50 ug. 
That figure is several times the daily mouse 
requirement which we have observed on 
uur purified mouse diets. 


The average daily riboflavin intake of 
yuinea pigs and rabbits fed the diets which 
we have assayed is several times that ob- 
tained from ordinary diets of hay, oats, 
and vegetables. Our preliminary studies 
on the riboflavin requirements of these two 
species indicate that about 300 yg. of ribo- 
flavin per 100 Gm. of food (day basis) are 
needed. Some stock diets in use do not 
furnish that amount. 


PYRIDOXINE 


The pyridoxine values obtained for sev- 
eral lots of mouse diet range from 200 to 
300 pg.; for the rat, rabbit, and guinea pig 
diets, from 350 to 600 pg. in 100 Gm. of 
diet. 

The reported pyridoxine requirements of 
the rat cover a considerable range. Sure 
(1940) states that 10 to 25 yg. daily are 
adequate for continuous growth. We find 


12 yg. daily seem to be optimal for the 
young growing rat weighing 50 to 120 Gm. 
During lactation, 12 to 20 vg. are needed. 
Young rats before weaning require about 


6 ug. daily (Sure 1940). Both the Zucker 
and the Rockland rat diets in the quanti- 
ties consumed by the rat furnish several 
times the above daily pyridoxine require- 
ment. In order to check on the pyridoxine 
needs of the rat in a practical way, groups 
of female albino rats were taken at wean- 
ing and fed basal ration B without pyri- 
doxine but supplemented with stock diet 1, 
it 10, 20, 40, and 60 per cent levels. The 
‘0 per cent mixture yielded maximal 
vrowth during the test period, indicating 
that the stock diet apparently contains 
more than twice the necessary requirement 
of pyridoxine for rapidly growing rats. 
‘his is in agreement with our assay 
esults. 

Sandza and Cerecedo (1940), Grauer 
1941), and others add pyridoxine to their 
urified mouse diets in amounts to furnish 
‘bout 25 yg. daily. Such an amount is 
onsiderably greater than the daily mouse 


requirement which we obtained by feeding 
mice on mixtures of stock mouse diet and 
pyridoxine deficient purified basal diet. 

No report has been found in the litera- 
ture on the pyridoxine requirements of 
rabbits and guinea pigs. 


PANTOTHENIC ACID 


The pantothenic acid content of several 
lots of mouse diet was 2,000 to 2,500 pg. in 
100 Gm. of diet; the rat diets, 2,500 to 
3,500 and the guinea pig and rabbit diets, 
3,000 to 5,000 pg. in 100 Gm. of diet. 

Unna (1940) places the daily panto- 
thenic acid requirement of the weanling 
rat between 80 to 100 ng. Henderson et al. 
(1942) arrive at a similar value. Unna 
(1942) reports that the requirement de- 
creases in the rat with age. Our results 
on weanling rats agree with Unna’s find- 
ings that 80 to 100 yg. of pantothenic acid 
give maximum growth. We also have 
found that following depletion amounts of 
pantothenic acid greater than 100 yg. daily 
fail to give any significant additional 
weight increase. In our pantothenic acid 
assays, 8 groups of 8 rats each were used 
at one time. Inosital given orally, 10 mg. 
per day, to other groups of rats on a simi- 
lar assay did not result in an additional 
weight increase. 

Sandza and Cerecedo (1940), state that 
30 pg. is the daily mouse requirement of 
pantothenic acid. Our assay results indi- 
cate that several times the daily require- 
ment of pantothenic acid is supplied by the 
stock diets for rats and mice. Rabbits and 
guinea pig pantothenic acid requirements 
have not yet been reported. 


CHOLINE 


The choline-equivalent values obtained 
by the method outlined in table 3 for the 
mouse and rat diets are from 240 to 480 
mg. in 100 Gm. of diet; for the guinea pig 
and rabbit diets, 700 to 900 mg. in 100 Gm. 
of diet. 

Griffith (1941), in discussing the nutri- 
tional importance of choline in the rat, 
states that the daily requirement depends 
upon the diet. On his purified diet, 21- to 
26-day-old male rats require 1 to 2 mg. 
daily to prevent hemorrhagic degeneration 
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of the kidneys and 4 to 6 mg. to prevent 
deposition of liver lipids. The majority of 
investigators give between 10 and 20 mg. 
of choline chloride daily to actively grow- 
ing rats. Sure (1941) supplements his 
purified rat diet with 6 mg. of choline 
chloride daily for rats from weaning to 
maturity; 9 mg. daily during pregnancy; 


of choline, or of substances which take the 
place of choline, is available in the stock 
diets studied. 


OTHER DIETARY FACTORS 


The vitamin A requirement of the rat, as 
in other animals, depends upon body weight 
and not age. Bauman et al. (1934) state 


TABLE 2.—Vitamin A and Alpha-Tocopherol Values of Stock Diets 


4 5 6 
GUINEA ROCKLAND RABBIT 
Pic DIET 


RABBIT RATION DIET F 


VITAMIN A 
(1.U.* in 100 Gm. of diet) 


1 2 3 
ZUCKER ROCKLAND MOUSE 
Rat DIET Rat DIET DIET 
280 260 480 
to to to 
310 800 510 
(200) + (1625) + 


3850 3470 3240 
to to to 
4960 4800 4400 
(6750)7 (7125) + 


ALPHA-TOCOPHEROL 
(mg. in 100 Gm. of diet) 


3.3 3.2 7.6 


13.9 14.2 13.8 


*I.U. = International units. 
+Manufacturers’ claim, 


and 15 mg. daily during lactation. Rich- 
ardson et al. (1941) incorporate enough 
choline chloride in their purified rat diet to 
supply 40 to 60 mg. daily. Older rats re- 
quire only 1 to 3 mg. of choline a day on 
our purified diet B. 

The choline-equivalent values for the 
stock rat diets represent amounts of sub- 
stances which are sufficient to supply ade- 
quately the choline needs of actively grow- 
ing rats. Groups of rats fed mixtures of a 
choline-deficient basal ration and 10 to 40 
per cent stock rat diet gained weight at 
the same rate as those fed 15 mg. daily 
while on our purified diet B. At autopsy, 
no gross pathological changes could be de- 
tected in any of the rats. 

Sandza and Cerecedo (1941) supplement 
their purified mouse diet with 5 mg. of cho- 
line chloride per kg. of diet; Grauer (1941) 
adds 200 mg. of choline chloride per kg. of 
his synthetic mouse diet. The latter diet 
furnishes approximately 1 mg. of choline 
daily. No report appears in the literature 
on the choline requirements of mice, rab- 
bits, or guinea pigs. Practical feeding ob- 
servations indicate that an adequate supply 


that the rat requires daily 25 pg. of vita- 
min A (beta-carotene) per kg. of body 
weight. Lewis et al. (1942) found that a 
daily intake of 20 units per kg. of body 
weight was the minimum vitamin A re- 
quirement in the rat. Optimal growth oc- 
curred at 25 units daily intake, optimal 
blood concentration at 50 units daily, and 
good liver reserves were found at 100 LU. 
(international units) daily. 

Table 2 includes the vitamin A values ob- 
tained for the 6 stock diets studied. It is 
evident, according to the report of Lewis 
et al. (1942) on the vitamin A _ require- 
ments in the rat, that the two rat diets fur- 
nish sufficient vitamin A for maximum 
growth and good plasma concentration of 
vitamin A, but not enough for good liver 
storage. However, other factors in a diet 
of natural foods may favorably affect liver 
storage of this vitamin and result in satis- 
factory levels at daily intakes of 50 to 75 
I.U. The mouse diet apparently contains 
adequate amounts of vitamin A. Since the 
requirement of all animals is reported to 
fall in the range of 25 to 39 pg. of vitamin 
A per kg. of body weight, the vitamin A 
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requirement of guinea pigs and rabbits is 
adequately supplied by the stock diets. The 
latter diets contain no cod liver oil. The 
use of cod liver oil in natural food stock 
diets for rabbits and guinea pigs as a means 
of increasing the vitamin A content is open 
to criticism. Relatively small amounts of 
cod liver oil in rabbit diets have been proved 


TABLE 3.—Estimation of Choline-Equivalent 
Substances in Stock Diets 


Diet D, 
TABLE 1, 
FOOD INTAKE 

PER DAY 


DAILY sUP- 
PLEMENT OF 
CHOLINE 
CHLORIDE 


KIDNEY WT. 
AS PER CENT 


No. OF RATB OF BODY WT. 


% 
2.00 
2.03 
1.97 


CoM 


DAILY SUP- 

PLEMENT OF 

RAT DIET 2, 
TABLE 2 


DAILY 8SUP- 

PLEMENT OF 

RABBIT RA- 
TION 5 
TABLE 2 


toxic unless adequate amounts of vitamin B 
complex are supplied. Turner et al. (1936) 
demonstrate the toxicity of cod liver oil in 
a natural food rabbit diet when 0.7 Gm. 
per kg. is added. 

The alpha-tocopherol-equivalent content 
(table 2) of the 6 stock diets is high enough 
to furnish several times the daily require- 
ments of the rat, mouse, rabbit, and guinea 
pig. 

The protein content of the rat and mouse 
diets, 27 and 25 per cent, respectively, is at 
a level considered satisfactory for optimal 
growth (Kao et al., 1941). The guinea pig 
diet and the rabbit ration have a somewhat 
higher percentage (20) of protein than 
other guinea pig and rabbit diets available 
on the market. 

The average fat content of the rat diets 


is 6 per cent; the mouse, 5.4 per cent; and 
the rabbit and guinea pig diet 4.0 per cent. 
These amounts of fat in the stock diets are 
generally considered adequate, although 
Maynard and Rasmussen (1942) report an 
improvement in lactation performance of 
rats and growth of standardized litters 
when the fat content of their diet of natural 
foods was increased from 4.5 per cent to 
9.0 per cent. Our preliminary work on the 
influence of increasing the fat content of 
our stock rat diets from 6 to 9 per cent 
reveals no significant difference in growth 
of standardized litters. 

Analyses on the mineral composition of 
the stock diets give values for various ele- 
ments which compare favorably to those 
obtained when 4 per cent of Sure’s Salts 
No. 1 (Sure 1941) is used in a purified diet. 
Calcium (2.1 to 2.5) is present in adequate 


TABLE 4.—Estimation of Alpha-Tocopherol 
Equivalent in Stock Diets 
AVERAGZ UTERINE 


INDEX OF 
RATS IN GROUP 


SUPPLEMENTS 


. alpha-tocopherol 
. alpha-tocopherol 
. alpha-tocopherol 
. alpha-tocopherol 


e 
1.5 mg. alpha-tocopherol plus 32 . 


. of rat diet 2, table 2........... 


. of mouse diet 3, table 2 
. of mouse diet 3, table 2........ 


. of rabbit ration 5, table 2...... 
. of guinea pig diet 4, table 2.... 
. of guinea pig diet 4, table 2.... 


A vitamin E-deficient basal diet (Goettsch and 
Pappenheimer, 1941) was fed ad libitum during the 
sixteen days of gestation to E-depieted female rats 
in, addition to the supplements indicated. After six- 
teen days gestation, animals were killed and 
uterine indices were determined by Mason’s (1942) 
vitamin E bio-assay method; 7 to 10 rats were used 
for each of the 14 groups. 


quantities in the rat and mouse diets (Van 
Duyne et al., 1941). The Ca-P ratio for the 
diets is approximately 2 to 2.5 to 1. The 
amount of sodium in both the rat and mouse 
diets is higher than that found in several 
other mouse and rat stock diets. At least 
one popular pelleted rat ration has a so- 
dium content which may prove too low for 
certain kinds of animal experimental work. 
Nutrition workers have observed that a 
low sodium chloride content (0.2%), such 


|| 
Gm. Gm. % 
6 4.1 1.5 1.36 1.0 
1.0 mg. alpha-tocopherol plus 32 Gm. 
Gm. Gm. % 
9 er — 
© 4.4 1.2 1.35 32 Gm. of rat diet 2, table 2........... 1.75 
6 4.8 2.3 1.31 64 G 206 
21 Gm 2.36 
43 Gm 3.90 . 
12 Gm 2.21 
16 Gm 3.14 
21 Gm 3.62 | 
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as is found in the rabbit diets studied, is 
desirable in rabbit rations. The interdepen- 
dence of minerals and other dietary essen- 
tials in nutrition makes it imperative that 
more attention be given to the mineral con- 
tent of stock diets. 


DISCUSSION 


Although our findings show that the 
values obtained for several vitamin B frac- 
tions vary considerably for different lots of 
the same diet over a period of three years, 
the minimum amounts present adequately 
meet the daily requirements of the several 
species concerned. The manganese-thiamin 
ratio of the diets is satisfactory. If utiliza- 
tion of vitamin A in natural food diets is 
similar in degree to that in purified diets, 
the vitamin A content of the rat diets may 
be too low for good liver storage. We are 
now investigating the point and studying 
the influence of several factors in the stock 
diets on vitamin A utilization. Several 
other commercial dog and fox feeds used as 
stock, rat rations likewise have a vitamin 
A content which is low for good liver stor- 
age of the vitamin. 

The discrepancy between our findings on 
the vitamin A values of commercial diets 
and those of the manufacturer may in part 
be explained by the gradual loss of the 
vitamin through oxidation upon storage 
and on the basis that one lot of diet may 
have summer-produced components, such as 
dried milk, which has a vitamin A value 
two to three times that of winter-produced 
milk, while other lots may have foods pro- 
duced during other seasons of the year. 

The rat diets may possibly be improved 
by raising their fat content from their 
present 6 per cent level, in view of May- 
nard and Rasmussen’s (1942) findings. 
Work on this problem has been started. A 
number of commercial dog and fox foods 
used as stock diets for laboratory rats and 
mice have a fat content of only 4 to 5 per 
cent. 

Observations which we have made over a 
period of years on the mineral requirements 
of rats and other animals indicate that 
their requirements differ and that addi- 
tional study in this field is desirable. 


Am. J. Ver. Res. 


SUMMARY 


The thiamin, riboflavin, pyridoxine, pan- 
tothenic acid, choline-equivalent, alpha- 
tocopherol-equivalent, and vitamin A con- 
tent of 6 natural food stock diets, prepared 
especially for rats, mice, guinea pigs, and 
rabbits, was determined by rat biological 
assay. With information now available on 
purified diets and on growth rate, the ade- 
quacy of the stock diets studied was evalu- 
ated in respect to protein, fat, certain min- 
erals, vitamin A, alpha-tocopherol, and a 
number of the vitamin B fractions. Some 
of the vitamin B requirements of mice, 
rats, guinea pigs, and rabbits were deter- 
mined. 


The diets investigated are apparently 
adequate in respect to the vitamin B frac- 
tions determined by our rat assays. The 
rat diets may be somewhat low in fat and 
tvo low in vitamin A for good liver storage 
of that vitamin. 


Variation in manufacturer’s claims of 
vitamin A content and our findings is dis- 
cussed. 
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Paratyphoid Infection in Quail 


CHARLES H. CUNNINGHAM, B.S., M.S., D.V.M. 
Centreville, Maryland 


THE SALMONELLA GENUS (paratyphoid ba- 
cilli) contains host-specific species and spe- 
cies which parasitize any host equally well 
but are encountered more frequently in fow] 
than in other domestic animals.!: Sal- 
monelloses are generally of a septicemic na- 
ture but localized infections also occur. 
Ovarian transmission is indicated in several 
domestic fowl, and egg shell contamination 
may result in embryo infection.' °° Mul- 
tiple species may occur simultaneously in 
an infected specimen. 

Morphological characteristics of the vari- 
ous species fail to offer reliable criteria for 
differentiation. Biochemical reactions com- 
plemented with serological tests must be 
utilized for identification.!: 4 5. % 1° 


LITERATURE 


Graham" reported a paratyphoid infection in 
quail in which Salmonella-like organisms pos- 
sessing cultural characteristics and a serologi- 
cal relationship resembling Salmonella newport 
were isolated. 


Edwards” reported the occurrence of Sal- 
monella oranienburg in quail. 

Edwards and Bruner’ isolated Salmonella 
typhi-murium and Salmonella bredeney from 


partridge, an occurrence of multiple types from 
one specimen. 

Edwards? reported that S. typhi-murium (Sal- 
monella aertrycke) is by far the most predomi- 
nant organism found in avian paratyphoid 
infection (79%). 

Edwards” ™“ stated that, at the time of iso- 
lation of 8. bredeney reported in this paper, the 
organism, so far as known, has never been 
reported in an infection of quail. 


HATCHERY PROCEDURES AND DATA 


The paratyphoid infection in quail which 
is reported in this paper occurred from 
April to September, 1940, at a commercial 
game-bird hatchery. 


Presented before the Section on Poultry at the 
seventy-eighth annual meeting of the American 
Veterinary Medical Association, Indianapolis, Ind, 
Aug. 11-15, 1941. 

From the Maryland State Board of Agriculture, 
Live Stock Sanitary Service Laboratory, where this 
work was done. Dr. Cunningham resigned from 


his position on Aug. 15, 1942, to become Associate 
Professor of Poultry Husbandry, 
State College, Kingston, R. I. 


Rhode Island 


(190) 


Electric, forced draft incubators with a 
capacity of 5,320 quail eggs each were used, 
two for incubation and one for a hatching 
unit. Eggs were incubated for twenty-one 
days and then transferred to the hatching 
unit where the hatches were usually com- 
pleted on the twenty-third or twenty-fourth 
day. Chicks were removed daily. 


Incubator temperatures were from 99 F. 
to 100 F. for the first 3 hatches and from 
99.5 F. to 100.5 F. for the succeeding 
hatches. Wet bulb humidity readings 
ranged from 72.5 to 87.0 during the hatch- 
ing season for the twenty-one-day incuba- 
tion period and from 50.0 to 96.0 in the 
hatching unit. 


The incubators were disinfected at the 
beginning and end of the hatching season, 
but were not fumigated during or between 
hatches. 


At weekly intervals, from Apr. 29 to Sept. 
2, 1940, inclusive, 18,580 quail eggs were set 
in 19 different hatches and 11,618 chicks 
(62.5% ) were hatched. During candling 
processes, 4,223 eggs (24.7%) were re- 
moved from 18 hatches. The records of 
the numbers of eggs removed from the fifth 
hatch were misplaced by the hatchery. The 
average hatchability of fertile eggs for 
these 18 hatckes was 82.0 per cent. See, 
table 1. 


BROODER HOUSE PROCEDURES AND DATA 


Day-old chicks were started in battery 
brooders at a room temperature of 92 F. 
for two weeks and were then transferred 
to battery brooders at a room temperature 
of 80 F. to 90 F. Chicks were sent to the 
game preserve when they were 4 weeks 
old or older. 

Of the 11,516 day-old chicks received at 
the brooder house, 10,485 (91.0%) were 
considered normal and 1,031 (9.0%) abnor- 
mal in some respect. The mortality was 
4,416 chicks (38.3%), 7,100 chicks (61.7% ) 
being sent to the game preserve. Data for 
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TABLE |.—Hatchery Data. 


INFERTILE 
AND 
DEAD EMBRYO 


HatcH Ser FERTILE 


TOTAL 
Eacs Tora. 
HATCHED HATCH 


No. 
158 
207 
213 


No. 
926 
1,150 
1,382 
1,548 
1,474 
1,418 
1,305 
1,135 
1.111 
1,003 
947 
934 
922 
787 
786 
612 
490 
350 
300 


No. % 
768 82.9 
943 82.0 
1,169 84.6 
1,188 76.7 


Z | 


262 
220 


1,156 
1,085 
866 
819 
722 
717 
677 
636 
538 
495 
374 
325 
225 
180 


81.5 
83.1 
76.3 
73.7 
72.0 
75.7 


292 
281 
230 
257 


291 
238 
165 
125 
120 


Total 18,580 


*17,106 12,883 


75.3 


4,223 


‘Per cent hatchability of fertile eggs in hatch 5, 
°“Total for hatches 1 to 4, inclusive, and 6 to 19, 


the mortality of -normal and abnormal 
chicks and the respective numbers of each 
sent to the game preserve were not recorded 
by the hatchery. See, table 2. 


SYMPTOMS AND POSTMORTEM LESIONS 


From July 27 to Aug. 20, 1940, 7 mature 
quail from the breeding flock, 34 quail 
chicks from 1 to 10 days old, and 9 eggs 
of twenty-three days incubation were ex- 
amined at the laboratory. 

The symptoms of the mature quail were 
inappettence, ruffled feathers, general de- 
pression, occasional diarrhea, and a spas- 
modic trembling in 2 quail before death. 
The course of the disease was subacute. 
None of the symptoms were of diagnostic 
value. Autopsy revealed lodged eggs in the 
oviduct, cecal obstruction, and cecal rup- 
ture in 2 of the quail. Tumor-like masses 
were present in the abdominal cavity of 1 
quail. The other quail did not exhibit 
gross pathological lesions. 

The symptoms of the quail chicks were 


360 
No Record No RecordNo Record No Record 


269 


286 
249 


% 
44.2 
18.0 
15.4 
23.3 


No. % 
636 68.7 
830 72.2 
908 65.7 
1,136 73.4 
1,054 71.5 
940 66.3 
869 66.6 
674 59.4 
663 59.7 
53.5 

54.2 

56.3 

54.0 

57.9 

§1.1 

§2.3 

57.3 

55.7 


18.5 
16.9 
23.7 
26.3 
28.0 
24.3 
27.5 
31.0 
31.6 
37.0 
38.9 
33.7 
35.7 


as given by hatchery. 
inclusive. 


inappetence, ruffled feathers, general de- 
pression, and diarrhea, with death occur- 
ring in a few hours following the appear- 
ance of the symptoms. Losses were highest 
in chicks from 3 to 9 days old. Autopsy 
revealed a friable, yellow liver, and en- 
teritis as constant lesions in all of the 
chicks; petechiae of the liver and ceeal 
mucosa were observed in 1 chick; and a 
large, unabsorbed, liquid, green, yolk sac 
was observed in 14 chicks. 

Of the 9 eggs examined, 3 had living em- 
bryos, 4 embryos were dead, and 2 of the 
eggs were infertile. Friable, yellow livers 
and large, unabsorbed, liquid, green, yolk 
sacs were constant lesions in all of the 
embryos. 


BACTERIOLOGICAL FINDINGS 


Inoculations of culture mediums from 14 
chicks of the fourth, sixth, eighth, and 
eleventh hatches and 1 chick of the ninth 
hatch were negative. 


Paratyphoid bacilli were recovered from 


191 
HatcH 
% 
82.8 
88.0 
, § 77.7 
95.6 
e 86.07 
81.3 
80.1 
77.8 
1 9 80.9 
10 74.4 
11 71.5 
‘ 12 72.5 77.7 
| 13 69.0 78.3 
14 68.4 84.8 
15 63.0 81.2 
, 16 61.1 85.6 
| 17 66.3 86.5 
18 64.3 86.7 
| 19 60.0 40.0 180 60.0 100.0 
11,618 62.5 
24.7 10,564 61.7 $2.0 
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19 chicks of the seventh, ninth, tenth, and 
thirteenth hatches, also an_ unidentified 
streptococcus and Escherichia communis 
from the seventh hatch and an unidentified 
staphylococcus and Escherichia communior 
from the ninth and tenth hatches. 


Inoculations of culture mediums from the 
9 infertile eggs and embryos of the eighth, 
ninth, and eleventh hatches were negative. 


E. communior was recovered from all of 
the mature quail examined. 


Morphological and colonial properties and 
biochemical reactions were characteristic of 
paratyphoid bacilli.§ In carbohydrate broth, 
acid and gas were produced from arabinose, 
dextrin, dextrose, dulcitol, galactose, lev- 
ulose, maltose, mannitol, mannose, rham- 
nose, sorbitol, trehalose, and xylose; acid 
only was produced in glycerol; no change 
occurred in glycogen, inositol, inulin, lac- 
tose, melicitose, raffinose, salicin, starch, 
and sucrose. 


Subcultures sent to Dr. P. R. Edwards, 


TABLE 2.—Brooder House Data. 


Lexington, Ky., were typed serologically as 
Salmonella bredeney. 


ANIMAL INOCULATIONS 

Four 3-day-old quail chicks obtained 
from the Patuxent Research Refuge, Bowie, 
Md., were inoculated intraperitoneally with 
5 minims of a saline suspension of the iso- 
lated S. bredeney; 1 chick was used as a 
control. Two chicks were dead within four 
hours after inoculation and the other 2 were 
dead within sixteen hours. Paratyphoid 
bacilli were recovered. Biochemical reac- 
tions were similar to those of the original 
cultures and the organism was typed ser- 
ologically by Doctor Edwards as S. bre- 
deney. 


AGGLUTINATION TESTS OF THE 
LAYING FLOCK 


Agglutination tests of 45 mature quail 
were negative to homologous whole blood 
antigens (10% suspension) prepared from 
the isolated S. bredeney and Escherichia 
sp., and Salmonella pullorum whole blood 
antigen. 


CHICKS DELIVERED 


CHICKS" TO 
HatcH ReceIvepD. NorMALCHICKS ABNORMAL CHICKS Morrtatity Loss* GAME PRESERVES® 
No. No. No. % No. % No. % No. % 
1 669 588 87.9 81 12.1 162 24.2 507 75.8 
2 831 723 87.0 108 13.0 224 26.9 607 73.0 
3 913 840 92.0 73 8.0 213 23.3 700 76.7 
4 1,135 1,101 97.0 34 3.0 355 31.3 780 68.7 
5 1,077 955 88.7 122 11.3 455 42.3 622 57.7 
6 949 888 93.6 61 6.4 392 41.3 557 58.7 
7 869 790 90.9 79 9.1 422 48.6 447 51.4 
8 677 603 89.1 74 10.9 267 39.4 410 60.6 
9 667 570 85.5 97 14.5 267 40.0 400 60.0 
10 543 496 91.3 47 8.7 239 44.0 304 56.0 
11 513 472 92.0 41 8.0 185 36.1 328 63.9 
12 521 466 89.4 55 10.6 170 32.6 351 67.4 
13 463 427 92.2 36 7.8 
14 414 386 93.2 28 6.8 
15 372 341 91.7 31 8.3 
16 307 286 93.2 21 6.8 
17 252 240 95.2 12 4.8 
18 202 183 90.6 19 9.4 
19 142 130 91.5 12 8.5 
Total 11,516 10,485 91.0 1,031 9.0 4,416 38.3 7,100 61.7 


1The hatchery and brooder house were managed by separate units of workers, thus accounting for the 
differences recorded in the numbers of eggs hatched and the numbers of chicks received at the brooder 


house. See table 1. 


*The chicks from hatches 13 to 19, inclusive, were not sent to the game preserve as separate units, and 


the data for each of these hatches were not available. 
puted from the total figures of hatches 13 to 19, inclusive. 


The data presented for these hatches are com- 
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DISCUSSION AND SUMMARY 


Salmonella bredeney was isolated from 
quail chicks and so far as known, at the 
time of isolation, had never been reported 
in an infection in quail. The disease was 
acute and the highest rate of mortality 
occurred in chicks from 3 to 9 days old. 
Embryos of the eggs examined had lesions 
similar to those observed in the chicks, but 
bacteriological examinations were negative. 
The data and agglutination tests did not 
indicate that the infection was of ovarian 
transmission. Mortality in chicks 4 weeks 
old and older was negligible. 

Hygienic practices during incubation 
were not satisfactory and it is possible that 
the incubators were contaminated with S. 
bredeney. The wide range of humidity in 
the incubators and the numbers of abnormal 
chicks sent to the brooder house probably 
contributed to the production of a weak 
chick which may have furnished a fertile 
source for the invasion of S. bredeney, the 
infection occurring possibly from the time 
of hatching. 

Hygienic practices in the brooder house 
were satisfactory. An analysis of the data 
for the hatching season did not offer a 
reliable criterion for a definite statement 
that any one phase of the management of 
the laying flock, the incubation of the eggs, 
or the handling of the chicks was definitely 
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responsible for the infection with S. 
bredeney. 
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Cross-Agglutination Studies Between Salmonella Pullorum and 
Other Microorganisms Isolated from Turkeys Positive 
to the Pullorum Test 


R. G. SANDERS, Ph.D., B. S. POMEROY, D.V.M., and R. FENSTERMACHER, D.V.M. 
St. Paul, Minnesota 


THE PURPOSE OF these experiments was to 
determine, if possible, why one cannot con- 
sistently isolate Salmonella pullorum from 
turkeys reacting positive to the agglutina- 
tion test for pullorum disease and to find out 
why one so frequently encounters atypical 
agglutinations in routine testing of turkeys 
for pullorum disease. 

Since the first application of serological 
methods to the study of Salmonella organ- 
isms, it has occasionally been observed that 
cultures which belong to the Escherichia- 
Aerobacter group were agglutinated by 
Salmonella immune serums. This was re- 
ported by Schiff, et al.,! who also reported 
5 cultures of coliform organisms which con- 
tained antigenic components similar to the 
Salmonella. Peluffo, Edwards, and Bruner? 
reported a group of 7 paracolon strains 
which possessed flagellar antigens closely 
related to those of Salmonella diisseldorf 
and Salmonella cerro. 


For a number of years, we have cultured 
tissues from turkeys reacting positive to 
the agglutination test for pullorum disease. 
It was observed that in many instances 
microérganisms other than S. pullorum 
were isolated. This observation suggested 
the possibility that these other microérgan- 
isms might cross-agglutinate S. pwlorum 
and thus be responsible for the agglutina- 
tion titers to pullorum antigen. 


Paper No. 2011 scientific journal series, Minne- 
sota Agricultural Experiment Station, University of 
Minnesota. 

From the Division of Veterinary Medicine, Uni- 
versity Farm. 

1Schiff, F., Bornstein, S., and Saphra, I: The 
Necurrence of o-Antigen in Coliform Organisms. J. 
Immunol., 40 (1941), pp. 365-372. 

2Peluffo, C. A., Edwards, P. R., and Bruner, 
D. W.: A Group of Coliform Bacilli Serologically 
Related to the Genus Salmonella. J. Infect. Dis., 
70 (1942), pp. 185-192. 


MATERIALS AND METHODS 


Five microérganisms were selected which 
had consistently been isolated from turkeys 
reacting positive to the agglutination test 
for pullorum disease. Table 1 shows the 
microérganisms studied, their reactions to 
fermentable substances, and their carbo- 
hydrate characteristics. The antigenic typ- 
ing of these organisms was not possible in 
these laboratories. We are indebted to Dr. 
P. R. Edwards* for the typing of Salmo- 
nella newport, which we had originally 
thought to be a paratyphoid organism. The 
organism designated as Salmonella ? (indol 
positive) shows the characteristics and 
appearances of a Salmonella, except that it 
produces indol. 

Each of the 5 microérganisms was in- 
jected intravenously into 4 different turkeys 
whose blood serums had been negative to 
antigens prepared from these organisms 
prior to injection. The amount injected 
was 0.1 cc. of a 24-hour broth culture. 

Antigens were prepared from these or- 
ganisms by growing them on 2 per cent beef 
infusion agar and washing off the growth 
with 0.85 per cent saline containing 0.4 
per cent ;henol. The concentration of the 
antigens was standardized, so that all sus- 
pensions contained 0.045 per cent by volume 
of organisms. 

The turkeys were bled twice a week. 
Each serum was tested by the tube method 
with the 5 antigens to determine the agglu- 
tination titer. The serum-antigen mixtures 
were read after forty-eight hours incuba- 
tion at 37.5 C. 

A special procedure was used to deter- 
mine the end titer value used in calculating 


*The authors sent some Salmonella cultures to 
Dr. P. R. Edwards, Department of Animal Pathol- 
ogy, University of Kentucky, Lexington, Ky., to be 
typed. 
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TABLE |.—Carbohydrate Reactions of the 5 Different Microdrganisms Used. 


NAME 


LACTOSE 


SucrosE MANNITE 


Salmonella pullorum 
Salmonella newport 
Proteus 

Salmonella ? (indol +) 
Paracolon 


a,& 


a,& 


a,& 
a,& 


a,& 


the quantitative absorption values. The 
antiserum was added to agglutination tubes 
to make the proper serial dilutions and 5 
cc. of antigen were added to each tube; the 
tubes were incubated for twenty-two hours 
at 51 C., centrifuged for five minutes at 
700 r.p.m., and the turbidities of the re- 
sultant supernatant from each dilution were 
read with a Libby photoreflectometer. That 
dilution which showed a turbidity of 15 
(approximately one-fourth of the original 
antigen turbidity) was chosen as the end 
titer. 

The absorption values were determined 
as follows: Knowing the end titer of the 
serum, an appropriate amount, which varied 
according to the end titer of the serum, 
was chosen so that after the addition of a 
known number of units of antigen, there 
was a measurable excess of antibody re- 
maining in the supernatant fluid. This ex- 
cess antibody concentration was maintained 
constant from one serum to another insofar 
as possible. Taking 1 unit of antigen as 


equivalent to the number of organisms in 
1 ec. of a 0.045 per cent suspension of the 
organisms, and taking the number of units 
of antibody per cc. as equal to the end titer, 
we were then able to calculate the units of 
antibody removed per unit of antigen. 


RESULTS 


Graph 1 shows the characteristic type of 
cross-agglutination toward pullorum anti- 
gen which we obtained with all 5 antiserums 
at different stages of infection. The im- 
portant point which this graph emphasizes 
is that, at some time after inoculation, the 
turkeys infected with the proteus organ- 
ism, with the paracolon organism, and with 
S. newport all showed a titer to pullorum 
antigen greater than 1:50. At certain 
stages of their infection, therefore, these 
turkeys would be diagnosed as pullorum 
positive, yet as far as is known these tur- 
keys were not infected with S. pullorum. 
Also, in the case of turkeys which were 


TABLE 2.—Absorption Values of Antiserums from Naturally and Artificially Infected Turkeys Reacting to the 
Pullorum Test. 


TITER TO TITER TO 
Sal- Sal- 

monella 

pullorum newport Proreus 


DAYS AFTER 
INFECTION 


UNITS 
ANTIBODY ANTIBODY 
ReMovepD REMoveD UNITS 


monella monella 
monella Titer to pullorum newport PROTEUS 
ANTIGEN ANTIGEN 


UNITS 


Per ANTIBODY 

Unit REMOVED 
Sal- PER 

UNIT 


PER 
UNIT 
Sal- 


ORGANISM 


ANTIGEN ISOLATED 


Naturally 
Naturally 
Naturally 
Naturally 

8 

25 

8 

25 

8 

25 


27.3 6.4 Salmonella newport 
8.3 Salmonella pullorum 
Salmonella pullorum 
Salmonella pullorum 
Salmonella pullorum 
Salmonella pullorum 
Salmonella newport 
Salmonella newport 
61 Proteus 
27.2 Preteus 


*Titers too low to obtain reliable absorption values. 


+ 
+ a, g 
+ a,g 
; 83 75 25 34 
181 ‘ 25 25.5 
384 50 25 55 
85 12 30 31 
150 694 75 10.2 
22 87 15 
78 82 415.0 8.6 
30 46 95 
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Graph |.—Antiserums of 5 Different Microdrcanisms Tested with Pullorum Antigen. 
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naturally infected with these organisms 
(shown by subsequent isolation), a titer to 
pullorum antigen was demonstrated. As 
the graphs indicate, the homologous and 
heterologous titers vary with time. 

It is well known that on subsequent re- 
tests of turkey flocks for pullorum, addi- 
tional birds are frequently found to be 
positive. As is shown in the graphs, the 
heterologous titer may not have been de- 
veloped at the time of the first test, but 
upon retests it may be sufficiently high to 
be interpreted as a positive test. 

Graph 2 shows the degree of cross-ag- 
glutination obtained with the 5 antiserums 
against the proteus antigen. It appears 


that there is not a significant difference be- 
tween the degree to which S. pullorum anti- 
serums cross-agglutinate proteus antigen 
and that to which proteus antiserums cross- 
agglutinate S. pullorum antigen. A similar 
type of graph was obtained with the 5 anti- 
serums against S. newport antigen. S. pul- 
lorum showed only a slight cross-agglu- 
tination with the paracolon antigen. The 
organism S. ? (indol positive) showed even 
stronger cross-agglutination with S. new- 
port than did S. pullorum. 

Throughout the study, it was observed 
that in the early and late stages of infec- 
tion many atypical agglutinations were en- 
countered. Fine agglutinations which were 
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Graph 2.—Antiserums of 5 Different Microdrganisms Tested with Proteus Antigen. 
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difficult to read were common in the cross- 
agglutinations. 


ABSORPTION STUDIES 


Quantitative absorption studies were 
made on both naturally and experimentally 
infected turkeys to obtain further evidence 


of the cross-agglutination. The difficulty in 
the naturally infected turkeys was that the 
titer to the heterologous antigen was too 
low to determine reliable absorption values. 
This is not surprising, since the graphs for 
the experimentally infected turkeys show 
that the heterologous titer dropped to a 
very low value in a short time. Most of the 
naturally infected turkeys which we studied 


had carried a titer to pullorum for some 
time; hence the heterologous titer was quite 
low. It should also be noted that the nat- 
urally infected cases which showed low 
titers to pullorum antigen and would have 
been the most important to study by the 
absorption technique were not suitable for 
reliable absorption values. Therefore, much 
of our information from quantitative ab- 
sorption studies came from the experimen- 
tally infected turkeys. 

Table 2 shows the absorption values ob- 
tained, and the following points are to be 
emphasized : 


1) A larger absorption value (units of anti- 
body removed per unit of antigen) was ob- 
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tained with the homologous antigen than with 
the heterologous antigen. 


2) A satisfactory correlation was obtained 
between the magnitude of the absorption value 
and the organism isolated. 


3) Higher absorption values were obtained 
in the early stages of infection than during the 
later stages. 


4) The homologous titer could be completely 
absorbed with the homologous antigen, leaving 
the heterologous titer essentially unchanged, 
and vice versa. 


SUMMARY 


1) The cross-agglutination between mi- 
crodrganisms other than Salmonella pul- 


lorum consistently isolated from pullorum- 
positive turkeys, and S. pullorum was shown 
and indicates one of the reasons why one 
cannot consistently isolate S. pullorum from 
turkeys reacting positive to the agglutina 
tion test for pullorum disease. 

2) The cross-agglutination established 
gives a possible explanation for the many 
atypical agglutinations which one so fre- 
quently encounters in routine testing of 
turkeys for pullorum disease. 

3) Quantitative absorption studies were 
made which give further evidence of cross- 
agglutination between the microdrganisms 
studied. 
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Salmonella Infections of Breeding Turkeys 


B. S. POMEROY, D.V.M., M.S., and R. FENSTERMACHER, D.V.M. 


IN THIS STUDY, turkeys were obtained from 
5 different breeding flocks. During the 
preceding year, a number of poults originat- 
ing from each of these flocks had been 
examined bacteriologically and found to 
harbor organisms belonging to the Sal- 
monella group. It was reasonable to assume 
that some of the survivors had been ex- 
posed to the infection. The birds were 
tube tested with paratyphoid and pullorum 
antigens. The paratyphoid strains had 
been isolated in our laboratory from poults 
originating in the flocks being studied. The 
pullorum antigen contained 6 strains of pul- 
lorum organisms and was prepared by 
combining the official New England States 
strains obtained from L. F. Rettger and 
3 strains furnished by W. R. Hinshaw.' 


METHODS OF PROCEDURE 


Males and females were obtained from 
each of the 5 flocks and brought to Uni- 
versity Farm. The birds were trap-nested. 
Poults that died or were destroyed, infertile 
eggs, and embryos that failed to hatch were 
all examined bacteriologically by the tech- 
nique described in a previous publication.* 


The adult birds were tested three to four 
times during the laying season. The final 
test was made just before they were de- 
stroyed in June and July. A number of 
rapid whole-blood plate antigens were used. 
The serums were tested with the same anti- 
gens and also with Salmonella pullorum, 
Salmonella typhi-murium and Salmonella 
bredeney tube antigens. 


The internal organs of the adults were 
examined bacteriologically. The liver, 
spleen, ovary, and lungs were macerated in 
sterile mortars and beef-infusion broth was 


Paper No. 1915, scientific journal series, Minne- 
sota Agricultural Experiment Station; contribution 
from the Division of Veterinary Medicine. Presented 
before the Section on Poultry at the seventy-eighth 
annual meeting of the American Veterinary Medical 
Association, Indianapolis, Ind., August 11-15, 1941. 

From the Division of Veterinary Medicine, Uni- 
versity Farm. 


St. Paul, Minnesota 
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added to suspend the material. The sus- 
pension was pipetted into tubes containing 
beef-infusion broth and incubated for 
twenty-four to forty-eight hours and then 
plated on Endo agar plates. A portion of 
the content of the crop, proventriculus, duo- 
denum, small intestine, and rectum was cul- 
tured in broth containing brilliant green 
and then plated on Endo agar plates. 
Flock 1 contained 1,212 birds. On sev- 
eral occasions during the spring of 1939, 
poults originating from this farm were 
examined and S. typhi-murium and S. 
bredeney were isolated. During the 1939 
hatching season, the breeding flock had not 
been tested for pullorum disease or para- 
typhoid infection. Blood samples were col- 
lected during January, 1940. The flock was 
housed in two permanent buildings which 
were divided into pens that contained 40 
birds each. The flock was just coming into 
production at the time of the test. The 
serums were tested with 3 different tube 
antigens; S. pullorum, S. typhi-murium 
and S. bredeney; one dilution (1:25) was 
used. The test were incubated at 37.5 C. 
for twenty-four hours and then read. The 
results of the tests were as follows: with 
pullorum antigen, 57 suspects, 6 reactors, 
and 1,149 negative; with typhi-murium 
antigen, 25 suspects, 10 reactors, and 1,177 
negative; with bredeney antigen, 33 sus- 
pects, 124 reactors, and 1,055 negative. 


The serum of 179 birds gave incomplete 
or complete agglutinations to one or more 
of the antigens. Apparently the bredeney 
antigen was too sensitive. One would hesi- 
tate to consider all of the birds as infected 
individuals. Thirty-nine birds were re- 
moved from the flock and 27 hens and 3 
toms were obtained for further study. The 
birds were trap-nested from January 23 to 
June 10 and 16 settings consisting of 964 
eggs were made; 420 poults were hatched. 
There were 250 infertile eggs, 268 eggs 
containing dead embryos, and 26 eggs that 
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pipped but failed to hatch. These 544 eggs 
were examined bacteriologically. S. pul- 
lorum was isolated from 1 infertile egg and 
1 full-term embryo. S. typhi-murium was 
isolated from 1 infertile egg and 1 full-term 
embryo. 

The poults were maintained as separate 
units until 4 weeks of age when they were 
transferred to larger pens; 242 poults were 
examined bacteriologically. The results are 
given in table 1, which shows the number 
of poults hatched, the number that died, 


by this bird. The internal organs of the 
bird were negative bacteriologically. From 
1 unidentified egg containing a full-term 
embryo, S. typhi-murium was isolated. This 
egg was not from the pen of turkeys which 
contained the turkey from which S. typhi- 
murium was recovered. 

Flock 2 contained 624 birds. This pro- 
ducer raises between 12,000 and 15,000 
birds annually. Until this season, day-old 
poults had been purchased from several 
hatcheries. In certain lots of poults, ex- 


TABLE | 
No. No. STRAINS OF SALMONELLA RECOVERED 
POULTS POULTS NEW BRUNS- 

HaArcH HATCHED DIED PULLORUM MURIUM MELEAGRIDIS WICK ANATUM MIXED 
1 67 24 0 0 1 3 0 0 
2 53 33 0 0 1 8 3 2* 
3 57 36 0 0 0 9 5 3+¢ 
4 21 14 0 0 0 2 2 144 
5 18 11 0 0 0 0 0 0 
6 26 13 0 0 0 1 0 0 
7 23 19 10 0 0 0 0 0 
8 32 15 1 2 0 0 0 0 
9 19 15 * 0 0 0 0 0 

10 11 7 2 0 0 0 0 0 
11 10 8 0 5 0 0 0 0 
12 13 7 0 2 0 0 0 0 
13 12 11 0 0 0 0 0 0 
14 16 8 0 0 0 0 0 0 
15 30 13 0 0 0 0 0 0 
16 12 8 0 0 0 0 0 0 

Total 420 242 16 9 2 23 10 5 
*1 S. anatum, 8S. meleagridis; 1 S. new brunswick, S. newington, 8S. meleagridis. 

**1 S. meleagridis, S. newington; 1 8S. new brunswick, S. meleagridis. 


***1 S. anatum, S. meleagridis. 


and the strains of Salmonella organisms 
recovered from the internal organs of the 
dead birds. 

One turkey produced 31 eggs. S. pul- 
lorum was isolated from 1 of these eggs 
which was laid on Feb. 5, 1940. When the 
bird was killed in June, the bacteriological 
examination gave negative results. S. typhi- 
murium was isolated from the liver and 
spleen of another turkey, but no Salmonella 
organisms were isolated from 16 eggs laid 
by this bird. S. typhi-murium was isolated 
from 1 infertile egg laid by another turkey 
on May 8. The organs of this bird were 
negative bacteriologicaliy. S. pullorum was 
isolated from another egg containing a full- 
term embyro. Twenty-four eggs were laid 


cessive losses occurred. S. pullorum, S. 
typhi-murium, Salmonella derby, Sal- 
monella give, Salmonella oranienberg, Sal- 
monella senftenberg, Salmonella anatum, 
Salmonella worthington, Salmonella bareiily 
and Salmonella enteritidis have been iso- 
lated from poults originating from this 
farm during the past several years. The 
heaviest losses apparently were due to these 
types of infections. The owner decided to 
use his own breeding flock and attempt to 
eliminate or reduce the loss from Salmonella 
infections. 

Blood samples were obtained from 624 
birds and the serums tested with S. pul- 
lorum and S. typhi-murium tube antigens. 
The results were as follows: with pullorum 
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antigen, 5 suspects, 13 reactors, and 606 
negative; with typhi-murium antigen, 3 
suspects, no reactors, and 621 negative. 
Three of the reactors to the pullorum tube 
antigen were secured for further study. 
The same 624 serums were also tested with 
stained rapid plate antigens (pullorum 
and typhi-murium, 0.04 cc. of serum and 
one drop (0.04 cc.) of antigen), with the 
following results: with pullorum antigen, 
40 positive reactions, and 96 incomplete 
reactions; with typhi-murium antigen, no 
reactions. Twenty birds were removed 
from the flock and 19 of these birds were 
tested with a rapid whole-blood pullorum 
plate antigen. Eight birds gave very slight 
reactions. 

Flock 3 contained 577 hens and 55 toms. 
Very little trouble had been encountered 
with the poults on this farm during the 
1939 hatching season. This flock was tested 
with the rapid whole-blood pullorum and 
typhi-murium plate antigens. Fifteen birds 
were found positive and were removed from 
the flock. Three of the reactors were 
secured for further study. 


Flock 4 contained approximately 550 
birds. Heavy losses had occurred during 
the previous year as a result of pullorum 
disease. The breeding flock had _ been 
tested during that year by the rapid whole- 
blood pullorum plate antigen method and 
very few reactors were found. In January, 
1940, 76 birds were tested with rapid whole- 
blood pullorum plate antigen by the local 
veterinarian. Four birds were classified as 
reactors. The serums of these birds were 
tested with S. pullorum and S. typhi- 
murium tube antigens. The results were 
as follows: with pullorum antigen, 1 sus- 
pect, 17 reactors, 32 negative, and 26 sam- 
ples unsuitable for testing; with typhi- 
murium antigen 8 suspects, no reactors, 
and 42 negative. 


The entire flock was bled in February 
and the serums tested with S. pullorum and 
S. typhi-murium tube antigens. The results 
were as follows: with pullorum antigen, 56 
suspects, 26 reactors, and 454 negative; 
with typhi-murium antigen, 45 suspects, 
9 reactors, and 482 negative. The suspects 
were retested fifteen days later. The re- 


sults were as follows: with pullorum anti- 
gen, 10 suspects, 43 reactors, and 21 nega- 
tive; with typhi-murium antigen, 18 
suspects, no reactors, and 56 negative. 
Four reactors were secured from this 
flock for further study. The birds from 
flocks 2, 3, and 4 were placed together in a 
pen and the birds were trap-nested. Eggs 
were collected from February 10 to May 28 
and were incubated as 13 settings. 192 
eggs were produced and 70 poults were 


TABLE 2 


No. RECOVERED 
BinDs S. pullorum ORGAN 


FLOCK 
1 Liver, spleen and 
ovary 


Liver 


(1) ovary, (2) liver, 
spleen and ovary 


hatched. Fifty-five infertile eggs, 59 eggs 
containing dead embryos, and 8 eggs that 
pipped but failed to hatch were examined 
bacteriologically. S. pullorum was recov- 
ered from 2 infertile eggs, 1 egg contain- 
ing an embryo dead at the end of the second 
week of incubation, and 1 egg containing 
a full-term embryo. S. typhi-murium was 
recovered from 1 infertile egg and 1 egg 
containing a full-term embryo. 

The poults were maintained as separate 
units, and all that died or were destroyed 
were examined bacteriologically. Forty-five 
poults were examined and S. pullorum was 
isolated from 13 birds, S. pullorum and S. 
typhi-murium were isolated from 1 bird, 
Salmonella newington and Salmonella new 
brunswick were isolated from another poult, 
and S. new brunswick was recovered from a 
third poult. 

The adult birds were destroyed in June 
and July and subjected to a bacteriological 
examination. Table 2 shows the results. 

Flock 5 contained approximately 2,200 
birds. During the 1939 hatching season, 
there were losses among the poults which 
were due to S. pullorum and S. typhi-mur- 
ium infections. The breeding flock had 
been tested with the rapid whole-blood 
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pullorum plate antigen and no reactors 
were found. During the fall of 1939 when 
the breeding flock for the ensuing year was 
being selected and the remainder of the 
birds were being slaughtered, 575 birds 
were tested with rapid whole-blood pullorum 
plate antigens and pullorum and typhi-mur- 
ium tube antigens.* 

The results of the tube agglutination 
tests were as follows: with pullorum 1, 
138 suspects, 144 reactors, and 293 nega- 


TABLE 3 
PLATE ANTIGEN TuBE ANTIGEN 
No. 1 No. 1 No. 2 No. 3 
1 R* Ss N N 
1R R R R 
3S N N N 
18 Ss N N 
PLATE ANTIGEN 
No. 2 
7R N N N 
3 R Ss N N 
1R R N N 
1R R Ss N 
21 S N N N 
13S Ss N N 
18 Ss Ss Ss 
12S R N N 
18 R R R 
18 R Ss N 
18s N N R 
PLATE ANTIGEN 
No. 3 
3 R N N N 
5 R Ss N N 
iz R R R 
1R R Ss N 
21 8 N N N 
758 Ss N N 
5S R N N 
18 R Ss N 


*R reactor, S = suspect, and N = negative. 


tive; with pullorum 2, 61 suspects, 16 re- 
actors, and 498 negative; with typhi- 
murium 3, 23 suspects, 18 reactors, and 
534 negative. 

The results of the rapid whole-blood plate 
antigens were as follows: with pullorum 


*We wish to extend our appreciation to Dr. 
Shlimovitz of Black River Falls, Wis., for his as- 
sistance in codperating with the study relating to 
flock 5. Dr. Shlimovitz obtained all the blood sam- 


ples from the birds and also tested many of the 
birds in this flock with rapid stained antigens sup- 
plied by us. 


1, 4 suspects, 2 reactors, and 469 nega- 
tive; with pullorum 2, 60 suspects, 12 
reactors, and 503 negative; with pullorum 
3 (turkey), 34 suspects, 10 reactors, and 
531 negative. 

Tube antigen 1 and plate antigen 1 
were prepared from the same strains 
of pullorum organisms.* The latter is the 
official antigen used in Minnesota, in con- 
junction with the National Poultry Im- 
provement Plan. Tube antigen 2 and plate 
antigen 2 were prepared from the same 
strains of pullorum organisms — the 
New England States official pullorum 
strains. The third tube antigen was made 
from S. typhi-murium strains isolated from 
this flock. The third plate antigen was pre- 
pared with S. pullorum strains isolated 
from turkey poults; and when tube antigen 
was prepared from these strains, the results 
were similar to tube antigen 1. The latter 
was definitely too sensitive to be used as a 
standard antigen. 

When the results of the plate and tube 
antigens are broken down for comparison, 
the results are as shown in table 3. 

Plate antigen 1 picked 2 birds that 
were reactors, only 1 of which was positive 
to tube antigen 2. Plate antigen 2 evi- 
dently was a very sensitive antigen, since 
only 1 bird was considered a reactor and 3 
as suspects, as disclosed by tube antigen 
2. Plate antigen 3 was also too sensitive, 
as disclosed by the results of tube antigen 2. 

Because of the discrepancies in results 
between the tube antigens and plate anti- 
gens, the owner desired to have the breed- 
ing flock tested by the tube method in Feb- 
ruary and March, 1940. The following were 
the results: with pullorum antigen, 52 sus- 
pects, 37 reactors, and 2,043 negative; with 
typhi-murium antigen, 43 suspects, 49 re- 
actors, and 2,040 negative. 

Sixty-eight of the birds were considered 
as reactors. Forty-four of these were tested 
with experimental rapid whole-blood pul- 
lorum plate antigen 4, B.A.I. The fol- 
lowing were the results: 6 positive, 3 sus- 
pects, and 35 negative. The suspect grou) 
of 70 birds was maintained on an isolated 
farm, and the hatching was done in a ser 
arate incubator. Eggs that failed to hate! 
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were subjected to bacteriological examina- 
tion; 349 eggs from 7 different hatches 
were examined. S. typhi-murium was iso- 
lated from 8 and S. pullorum from 3 eggs. 
Micrococci were isolated from 109 and para- 
colons from 43 eggs. Salmonella organisms 
were isolated from eggs originating in the 
last 4 settings. 

At the time of disposal, the remaining 54 
suspects were tested with experimental 


TABLE 4 


Negative 
Suspect 
Reactor 


rapid whole-blood pullorum plate antigens 
4 and 125, B.A.I., and tube antigens. 


The results were as follows: with both 
plate antigens, all birds were negative; 
with pullorum tube antigen, 31 suspects, 12 
reactors, and 11 negative; with typhi- 
murium tube antigen, 35 suspects, 13 re- 
actors, and 6 negative. The serums from 
the above birds were also tested with 
stained, rapid whole-blood pullorum plate 
antigens, using 0.04 cc. of serum plus 0.04 
ce. of antigen. The results, shown in table 
4, revealed a wide range of sensitivity. 

Five suspects were selected from the 
group of 54 mentioned above, after being 
tested by the tube method. 

Table 5 shows the results obtained when 
the 5 birds were tested with S. pullorum 
and S. typhi-murium tube antigens and a 
number of stained rapid pullorum antigens. 

The internal organs of the suspects were 
examined bacteriologically. S. typhimurium 
vas recovered from the liver and spleen of 
bird 1 and from the ovary of bird 2. 

At the time the negative flock was dis- 
posed of in June, blood samples were taken 
from 1,257 birds and tested with tube 
antigens. The results were as follows: with 
pullorum antigen, 101 suspects, 36 reac- 
tors, and 1,120 negative; with typhi-murium 


antigen, 205 suspects, 11 reactors, and 1,041 
negative. 

Fourteen birds were selected in March 
from the group of 68 reactors and main- 
tained as a separate unit. They were trap- 
nested from March 18 to June 10, at which 
time they were destroyed. Eight settings 
were made, totaling 182 eggs; 80 poults 
hatched. S. typhi-murium was _ isolated 
from 6 of the 102 eggs that failed to hatch. 
The organism was isolated from 1 infertile 
egg, from 3 eggs containing dead embryos 
at the end of the second week of incubation, 
and from 2 eggs containing full-term em- 
bryos. Seventy-three of the 80 poults 
hatched died during the first three weeks 


TABLE 5 


ANTIGENS 
PULLORUM TYPHI-MURIUM 


Dilutions: 1:25, 1:50, and 1:100. 


SeruM PLATE 
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and were examined bacteriologically.  S. 
pullorum was isolated from 4 and S. typhi- 
murium from 3. 


The birds were destroyed during June 
and July, and the internal organs were 
examined bacteriologically. S. typhi- 
murium was isolated from the crop and 
duodenum of 1 bird, which died March 
28 and had produced no eggs. S. pul- 
lorum was recovered from the ovary of 
2 birds, 1 of these had produced no eggs 
and the other 6. S. pullorum was not re- 
covered from the latter. S. typhi-murium 
was isolated from 1 of 4 eggs laid by 1 
turkey, and from 1 of 6 eggs produced by 
another turkey. The internal organs of 
these 2 turkeys were found negative. S. 
typhi-murium was isolated from the duo- 
denum of the tom turkey used in this unit. 


Results of Agglutination Tests and Bacterio- 
logical Examination of Young Poults 


After the poults were 4 weeks old they 
were reared as 1 unit. There were 292 
birds in the flock. The first agglutination 
tests were made during the forepart of 
July. Some of the birds were 2 to 3 months 
old. The following were the results: By 
the plate method (experimental pullorum 
antigen 7), 6 were reactors and 18 were 
suspects. By the tube method, with pul- 
lorum antigen, 8 were reactors and 5 were 
suspects; with typhi-murium antigen, 3 
were reactors and 7 were suspects. Two 
of the latter reactors were negative to pul- 
lorum tube antigen. Four of the 8 reactors 
to pullorum antigen were negative to typhi- 
murium antigen. Six of the 8 positive to 
pullorum tube antigen were positive to the 
pullorum plate antigen. The 18 suspects 
with pullorum plate antigen were all nega- 
tive to both tube antigens with the excep- 
tion of 1, a suspect. 

In August, 44 additional birds were 
tested with the following results: with plate 
antigen, pullorum 7, 10 reactors and 2 
suspects; with pullorum tube antigen, 2 
suspects; with typhi-murium tube antigen, 
1 reactor and 3 suspects. By the plate 
method, the pullorum suspects were reac- 
tors, but the typhi-murium suspects were 
negative. 


In September, 321 birds were living and 
were tested. The following were the re- 
sults: with the plate method, 4 reactors and 
13 suspects; with pullorum tube antigen, 
9 reactors and 18 suspects; with typhi- 
murium tube antigen, 6 suspects, the dis- 
agreement being comparable to that before. 
Three crippled birds were destroyed and 
examined bacteriologically. One of them 
had an incomplete agglutination titer at 
1:25 with typhi-murium tube antigen. 
The second bird had an incomplete titer 
at 1:25 with pullorum tube antigen, and 
the remaining bird was positive in July 
to pullorum tube antigen. S. typhi-murium 
was recovered from the liver of the bird 
having a suspicious titer with typhi-murium 
tube antigen. Negative results were ob- 
tained otherwise. Seven birds died during 
the month. Negative results were obtained 
as a result of examination. In September, 
136 negative toms and females were sold. 


In October, 185 birds were tested. The 
following were the results: with the plate 
method, 1 reactor and 7 suspects; with 
pullorum tube antigen, 3 reactors and 19 
suspects; with typhi-murium tube antigen, 
6 suspects. Again the disagreement was 
comparable to that which occurred before. 
Sixty-eight birds were kept, selected be- 
cause of agglutination results that had been 
observed during the testing period; the 
remainder were sold. These birds were 
again tested during the latter part of No- 
vember. The following were the results: 
by the plate method with pullorum antigen 
7, 3 suspects; with antigen 16, an experi- 
mental plate antigen, 4 suspects; with 
pullorum antigen, 25 suspects; with typhi- 
murium antigen, 19 suspects. The tube 
antigen results were fairly comparable. 


During December, 15. of the birds were 
destroyed and examined bacteriologically. 
S. typhi-murium was recovered from 2 
birds. The organism was isolated from the 
lungs in one instance and from the intes- 
tine of the other. Twenty-six females and 
3 toms were kept as breeding stock with 
which to continue the study for the ensu- 
ing year. The remainder were sold. 
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Data Pertaining to Agglutination Tests and 
the Results of Bacteriological Examination 
of Adult Turkeys 


The selection of birds used in this study 
was made on the basis of the tube agglutina- 
tion titers they were carrying. An ag- 
glutination titer of 1 : 25 or higher was con- 
sidered a positive pullorum or paratyphoid 
individual. Incomplete agglutination in a 
1:25 dilution was considered a _ suspect. 
While under observation, they were all 


the remaining 25 birds were somewhat 
similar to those of bird 43. 

There were 27 hens and 3 toms in flock 1. 
S. typhi-murium was isolated from the in- 
ternal organs of only 2 birds. In one in- 
stance, the organism was recovered from 
the intestine and in the other from the liver 
and spleen. 

Table 7 includes the agglutination titers 
of 2 birds from which S. pullorum was re- 
covered. S. pullorum was recovered from 


TABLE 6 


Brrp 43 


Birp 50 


TESTED RAPID 
DATE ANTIGENS PULLORUM 


TYPHI- 
MURIUM 


SERUM 
PLATE 


TYPHI- SERUM 
ANTIGENS PULLORUM MURIUM PLATE 


1940 
Jan. NandS 


Feb. NandS 
Apr. NandR 
Apr. NandS 
June 10 not tested ——— 


R 


N = negative, S = slight reaction, VS 
negative to slight, by different antigens. 


tested at least 5 times at nearly monthly 
intervals by both tube and plate methods. 
Organisms used for the preparation of the 
tube antigen were grown at one time. After 
being harvested, they were stored in con- 
centrated suspensions and held under re- 
frigeration. As the antigens were needed, 
they were prepared from the stock supply. 
Seven rapid whole-blood stained pullorum 
antigens were used. Those of our own 
preparation were made at one time. 


It was observed that many of the tur- 
keys showed lower agglutination titers or 
became negative or only slightly suspicious 
with paratyphoid antigen. Table 6 con- 
tains the data of 2 such birds. 

The 7 rapid antigens gave widely vary- 
ing results. S. pullorum was not isolated 
from any of the breeding birds of this flock. 
On the other hand, S. pullorum was recov- 
ered from eggs produced by 2 other birds 
in the group and S. typhi-murium was re- 
covered from an egg produced by 1 other 
hen. The agglutination titers of these 3 
hens were somewhat higher than those re- 
corded above. The agglutination titers of 


SandR 
SandR 
SandR 
Gen 


very slight reaction, R 


SandR 
+I— R 
Ii— R 
++— NandR 
R 


+I1I 


NandR 
NandR 
NandR I—— 
NandR +I— 
not tested + ++ 


complete agglutination, N and S = 


the liver of bird S 327 and from the ovary 
of W 20707. 

There were 9 birds in flocks 2, 3, and 4. 
Table 2 gives the results of their bacteri- 
ological examinations. There were birds 
in these flocks whose agglutination titers 
were quite comparable to the above, yet 
negative bacteriological results were ob- 
tained. 

The agglutination titers of flock 5 were 
in many instances similar to those already 
recorded. S. pullorum was recovered from 
the ovary and spleen of 2 birds, and S. 
typhi-murium was recovered from the di- 
gestive tract of 2 other birds. 


Cross-Agglutination Experiments 


Four Salmonella types were used: S. 
pullorum, S. typhi-murium, S. anatum and 
S. newington. The organisms were grown 
in plain beef broth for twenty-four hours. 
Each type of organism was fed to 3 turkeys 
who had negative blood titers to Salmonella 
antigens. Five cc. of the broth culture was 
fed per orum to each turkey for five suc- 
cessive days. 
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| S. newington was administered on Jan. 
i" 18, 1938. These birds were destroyed 
March 3, at which time they had an ag- 
glutination titer of 1:100. S. newington 
was recovered from the intestines of each 
of these 3 birds. 


S. anatum was fed to the birds on Feb. 
23, 1938. One turkey died June 12, 1938; 
the agglutination titer was incomplete at 
| 1:25 on May 9. The organism was recov- 
| ered from the duodenum only. A second 
bird was destroyed on May 9; the agglutin- 
ation titer was the same as above and the 


were used, the organisms that were injected 
and the test tube results. The dilutions 
used were 1:25, 1:50 and 1:100. The 
recorded titers are the average for each 
group of birds. Not all birds were tested 
with the entire group of antigens. 


Additional Salmonella Types Isolated 


In a previous publication,* the Salmonella 
types that have been isolated were listed. 
The following Salmonella types are to be 
added to this group: S. new brunswick, Sal- 
monella illinois and Salmonella panama. 
This makes a total of 23 types that have 


organism was recovered from the intestines. 
The remaining bird was destroyed on the 
same date; the agglutination titer was in- 
complete at 1:100 with anatum antigen, 
negative to the other antigens. S. anatum 
: was recovered from the intestines. 


S. pullorum organisms were fed to the 
turkeys on Aug. 30, 1939. One of the birds 
died on Oct. 20, 1939; the agglutination 
titer was 1:100 and the infective agent 
was recovered from the internal! organs, as 
well as from the intestinal tract. The crop 
was ulcerated. The remaining birds had 
negative blood titers on Oct. 10, 1939. They 
were destroyed on that date. The internal 
organs yielded negative results bacteriolog- 
ically. 


S. typhi-murium was fed on Jan. 26, 1940. 
; The agglutination titer was negative by 
March 11, at which time they were slaugh- 
tered. Bacteriological examination gave 
negative results. 

In each instance, all birds developed an 
agglutination titer within seven to ten days. 
Table 8 lists the Salmonella antigens that 


TABLE 7 
Birp S 327 Birp W 20707 

Date RAPID TYPHI- SERUM SERUM 
TESTED ANTIGENS PULLORUM MURIUM PLATE ANTIGENS PULLORUM MURIUM PLATE 
Jan. 30 N I—_— ——— N and VS SandR +++ I—— VS and R 
Mar. 8 NandR +I1TI +++ 
Apr. 2 NandR I-—-—- ——— SandR ~SandR +++ 
Apr. 30 N and VS I[—— ——— NandR +++ 4+1— 
Tune 20 not tested ———- I—— NandR not tested ——— R 


been isolated to date. We are indebted to 
Drs. P. R. Edwards and D. W. Bruner of 
Kentucky who identified these specific types. 


DISCUSSION 


The turkey industry is confronted with 
serious problems with reference to pullorum 
disease and paratyphoid infection. The 
heaviest mortality occurs during the first 
four weeks of the poult’s life. The losses 
vary from a low percentage to as high as 
90 per cent, which is not uncommon. 

This study really began when the flocks 
were started as baby poults. Bacteriolog- 
ical examinations had demonstrated the 
presence of Salmonella infections; thus 
naturally infected birds were selected for 
study. Flock 1 is of particular interest. 
Table 1 shows that 242 poults died during 
the first month of life. None of the poults 
hatched from the first 6 settings and ex- 
amined bacteriologically were found to har- 
bor S. pullorum or S. typhi-murium, but 4 
other types of Salmonella were recovered 
In one instance, 1 poult harbored 3 types 
On the other hand, only the above 2 types 
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were recovered from birds hatched from 
the seventh to the twelfth settings, inclu- 
sive. Of singular interest is the fact 
that none of the organisms of the early 
infections was recovered from the adults. 
The latter, however, were examined sev- 
eral months later. Infertile eggs and 
dead-in-the-shell embryos failed to yield or- 
ganisms other than S. pullorum and S. 
typhi-murium. 

Flock 2 was obtained from a group in 


TABLE 8.—Cross-Agglutination Results. 


INFECTIVE SALMONELLA-TYPE ORGANISMS 


SALMONELLA 
ANTIGENS 


TYPHI 
MURIUM 
NEWINGTON 


pullorum 
typhi-murium 
anatum 
derby 
gallinarum 
montevideo 
newington 
bareilly 
senftenberg 
worthington 
newport 
enteritidis 
bredeney 
minnesota 
eastbourne 
wichita 
oranienberg 
give 

chester 


| ++ | PULLORUM 


+++4++4+ 
+++++ 


+4 


+44 
+44 


PLATE ANTIGENS 
pullorum 
typhi-murium 


-+- 


which a heavy mortality had occurred when 
the flock was being started. Many poults 
of this group were found to harbor pullorum 
organisms. At the same time, other Sal- 
monella types were also recovered. Infer- 
tile eggs and dead-in-the-shell embryos 
from flocks 2, 3, and 4 yielded S. pullorum 
and S. typhi-murium. On the other hand, 
the dead poults were found in a varying 
number of instances to harbor the following 
organisms: S. pullorum, S. typhi-murium, 
S. newington and S. new brunswick. Four 
of the 9 adults were found infected with 
S. pullorum alone. 


Eighty poults were hatched from flock 5. 
Seventy-three died early in life; S. pullorum 
was isolated from 4 and S. typhi-muriwm 
from 3. The latter organism was also re- 
covered from 10 of 102 infertile eggs and 
dead-in-the-shell embryos. S. pullorum was 
recovered from 2 of the adults, and S. typhi- 
murium from the digestive tract of 1 other 
hen that failed to produce any eggs and 
from 1 male. 


Five hens produced 1 poult each from 
which S. anatum was recovered. Two hens 
produced 3 poults each that yielded S. new 
brunswick, 1 other hen produced 5 poults 
and 6 other hens each produced 1 poult that 
was found similarly affected. Six hens 
produced 1 poult each that were found to 
harbor S. typhi-murium. S. meleagridis was 
found as a single type infection in only 1 
poult. One hen produced 1 poult that had a 
multiple type Salmonella infection: S. me- 
leagridis, S. newington, and S. new bruns- 
wick. One other poult produced by another 
hen was found harboring S. anatum and 
S. meleagridis. From another poult pro- 
duced by another hen, S. new brunswick 
and S. newington were recovered. One 
other hen produced a poult that yielded 
S. new brunswick and S. meleagridis. S. 
pullorum was recovered from 8 poults pro- 
duced by 1 hen; 4 other hens each produced 
2 poults and 2 other hens each produced 1 
poult that were found similarly affected. 


Very little comment can be made regard- 
ing the agglutination test results. The 
birds were selected on the basis of their 
test-tube agglutination titers. The stained 
antigens were all experimental agents, and 
the results naturally were extremely vari- 
able in comparison with the test-tube find- 
ings. They lacked uniformity, and the 
sensitivity was at great variance in most 
instances. The development of a suitable 
stained rapid whole-blood antigen was not 
attained. 


It was observed that, during the period 
of observation, many of the turkeys ac- 
quired lower agglutination titers or became 
negative or only slightly suspicious when 
tested with the paratyphoid antigen. 


Experimentally infected adult turkeys 
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develop maximum agglutination titers 
within a period of two weeks, and at the 
end of two months may become negative 
to the agglutination test unless the infec- 
tion becomes established in the visceral or- 
gans. This may explain why many of the 
turkeys were negative bacteriologically 
when they were examined several months 
later. Individual birds will show a varia- 
tion in titer from month to month. 


CONCLUSIONS 


1. It is highly improbable that a single 
agglutination test will remove all Salmon- 
ella infected turkeys from a breeding flock. 

2. Repeated tests of infected flocks will 
usually reveal additional infected birds. 


3. No explanation is offered with refer- 
ence to multiple type Salmonella found in 
young poults, in view of the fact that none 
of the adults were found similarly affected. 

4. Salmonella typhi-murium is capable of 
localizing within the intestinal tract. It 
may be transient in some birds and perma- 
nent in others. 

5. The serum agglutination titer of birds 
infected with S. typhi-murium may vary 
decidedly over a period of several months. 


6. The rapid whole-blood stained antigens 
used were not found to be reliable diag- 
nostic agents for the detection of turkeys 
affected with paratyphoid infection. 

7. The heaviest mortality occurred dur- 
ing the first month of the poult’s life. Ap- 
proximately 10 per cent of the survivors 
showed evidence of infection as determined 
by the agglutination test. 

8. The limited amount of data obtained 
disclosed, as was to be expected, that cross- 
agglutination with other Salmonella did oc- 
cur. 

9. Three additional Salmonella types were 
isolated from poults: Salmonella new bruns- 
wick, Salmonella illinois and Salmonella 
panama. 
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